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ABSTRACT: 

PURPOSE: To provide a piezo resistance change detecting sensor which has high 
sensitivity and high resolution and a wide detecting range, and moreover a using temperature 
limit of not lower than 1 50°C. 

CONSTITUTION: A sensor movable part 3 is supported to an Si substrate 1 by a beam 4. A 
piezoelectric resistance 5 of bark Si is formed at the front layer of the beam 4. A dielectric 
isolation layer 6 of air is formed between the sensor movable part 3 and the beam 4, and the 
Si substrate 1 . A dielectric isolation layer 7 of an Si02 film is formed in an area of the Si 
substrate 1 supporting the beam 4. In order to form the dielectric isolation layer 7, a current is 
fed into an HF aqueous solution after a p+ region 1 1 is formed in the Si substrate 1 by ion 
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implantation, thereby changing the p+ region 1 1 to a porous Si region 16A and a high density 
porous Si region 17A, and then both regions 16A, 17A are heated/oxidized to an Si02 region 
16B and a high density Si02 region 17B and the Si02 region 16B is removed by etching . 
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(57) [®**>] 

fc^r-rs . S4 coSJifctf, A;t,? s i ex 

VJStt 5 flh . -b y-t "ra&gP 3 &tf*g4 fc S i 

a, Si««io»4*$»f*TWj»i. SiOiK** 

»js Lfca. h F^csa+K-cmat^at; t c j: 9 . 

P + ®« 1 1 WISS i l 6 A&tfBS$«£?Lir 
S i ffitt 1 7 Afc£fc3«»\ o^TllfWS 1 6 A , 17 

a * aawbs *r sio 2 f«i6B straw* s \ o 2 
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(2) 

1 

yytiswc, 

> <)u? is y n y a^* s me txyjat t fneffls t 

o-cism^siLfev:ts:»sit-rstxyjgt^€«iaj 
*:ft-feyy. 

[1*1812] ME*yy^t»M9S«j£Uc£ 

^•feyy. 

iflE-byyBrWSf^, lfflfcL<l4«» 

«<oB)p«*R»tfc»: t *»a t -r i x*4 2 c 
tamo exy&fitsHb&aj^-fe yy '. 
[fS*JS4 3 frte-feyy^»j^^w±L^^t^#m 

fcy&ftJ&Rl, 2X«3KE«<OtxyjSfil36Efl:«ttil 

*^-feyy„ 

[ff*iR5 3 !WiE«jhl*l**«JIUT i ^ Wtt 

>yi> fi*54 tiB^txyjisaasEftttaj^rs-fey 
y, 20 

x/e&ig^K-e y^sfutsjcy y y 3 y%Z0MWtt 

izLKzb&tmbtmxmi, 2, 3, 4xi£5<z 

f EtKo exyiasawiaiffi*** yy . 

[ m$m 7 ] ME exyffitfco±t&g3M$«Jl # =3: 

1, 2, 3, 4, 5x«6tciEtt<otxyarassHfcaaj 

**4ryy. 

CH*«8 3 i|irtEa«(c-feyy^iSSi5^3E»2rfJR8y 30 

2, 3, 4, 5. 6Xtt7 KfEK^xyfcfiMfttiJ 

a*tyy. 

[|«*3S9] miE*yy^»$£Wtt^yi>£#SI5 

GttEirxyisffifclwy exyjgifooififtfcfc^Tii* 

aty^W^l. 2. 3, 4, 5, 6, 7X148 WE 

ttot xyjHjac^aj*!** yy . 

c mm. 1 0 3 friE-fe ywmu* wmm h m 

&tmmfo±.£. mmmmmmtzzttrm 40 

k-til, 2, 3.4. 5, 6, 7. 8Xt±9CiEtt*3 

imxmi 1 3 H£exyjsts:kjiffl«i*tt^sasr 

WtatKJittftfy ^ffifitrMEffifittt&ailHlg&O- 
g|5£«fi!cyi>c: £ K4 otfflSCJ: l>ftttM:£ffiflS3 

y s J: ? c ufci t y§if*Ji 1 0 iztmw 

[W£Jf 1 23 'HWe*K±fc*7-fc.y MSfltfcuUS 
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WB&tyi. 183831 1 0 tlES5<7)fxygfii^t^a3^ 

*yy. 

[ »$g 1 3 1 messttflkiHE yy «r»»Atf« 

■totxvmtRttfcifcWMU'yil. 2. 3. 
4. 5. 6, 7, 8, 9, 10. l'lXttl2CEa<0 

txyjs»a«b«iaj*^-fe yy . 

imm 1 4 3 av- I CcOct 3%fBRSAI:ltsRq( 
1.2.3, 4. 5. 6. 7. 8, 9, 10, 11, 1 

2xi± 1 3 tsEtt^txyiaJisEfl«ifj*«-fe yy t * 

[It*ai53 M$3l, 2, 3, 4, 5, 6, 7, 

8. 9, io, ii, 1 2X«i 3fciBSW>exyffifii 

[W5RJI163 littll, 2, 3. 4, 5, 6, 7, 
8, 9, 10. 11, 1 2X141 3£fE«Ot-xyjgft 
S^a«r**yy*«1M?an»R9Wy *4 5tf> 

sty** 4 5^»a»«ai^ffi. 

[fft#I17] IB#El, 2. 3. 4, 5. 6, 7, 
8, 9, 10. 11, 1 2X141 3fciE«<oexyjSfit 

y * 4 o t Lfc £ t y ^> 

[1*^18] MPRflll. 2. 3. 4. 5. -6. 7. 

8, 9, io. ii, 12X141 3KB««fcxysai 
^b«iaj^-bvy t . 

ME-b yy Ottffi©#t:» LT 7 r VA miffed Z 

immmmn 

[000 13 

[«m±^^ijffl^Hi *«»!W4. txyffljBWtwiaj* 

^^tlStftSr^ttjySfe^^a-byyi: LTlEffl 

snstxyjst^ttffl^as-fcyyfcwy*. 36 
^wfxyffijjt^-fb^aj^-feyysrffiiit^^j. 

ys. 

[00023 

vsmv&m «^txy»6ia5fl5»aj*5j:-fevys' 

y ^ '/a^ittffl L/c t cot , y U 3 y Srftffl L 
[00 0 33 (^'J^'Jay^ffifflLfelfxyffitaSWfc 

^ai^5t^ yy ) fxyajt^flst lt^ y ^ y a y 
SrffifflUo txyffljHCfldftai*** yytcj, -> t{4 . 



8/2/07, EAST Version: 2.1.0.14 



(3) 
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* <^HJtrn-b^±, exVffiSii: yffiScfc WIS 
V), y y n yaakWKMlSfufeexyiiatttffli^ 

*<aax*i6#u6*5:< . 1 5 omt^KS-Ctteffl-f l> 

(0004] LfrLWb, sK'JS'yayfcflftxfcKx 
Vfifit ( #D v U 3 fJSSii ) te, *s 10 

b^o ) tiMRfC, y-v* (£**£S«-4«fiBC 

[ o o o 5 ] & £ , sjf y v y 3 yfflK<o»«ffi*{i/^ 20 

[0006] 'WisV3>1&fiibimiX# 

JSflMKft:**** £<ofc*>, *y -> y nyfiSteja 
[0007] (/W? y'J3 y£f$ffl LfcexyHEttSE 

Adamsr** y-t ) *)v? is>ja y&m tfc txva 

OT'^m^HSrE K-f&ZbtfX'Z&b^o mtft> 

[00 08] L#>L=5rA ? f>. A/^^y ayffifitfcjfli,* 
tx v«tS3Bfk<Jiai**H: yTCii , W^jay 40 
JSfitfc ^'J 3yS«?fc^a-Si2r p - n«&Tfi*->Ti$ 
0. y->-'^coh-xy'»ei:co^tt(ipS^ 

tf-HRWCafcOT, «S^*iT ( 1 5 0-CJJUL.) T« 

p - n«^>»«)is^T , 'j-^«a[**aat6«< , 

ft. 

[0009] ®mm%. n^mmx\ 
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[ooio] zzx. zn2-ocr>m%zmmzffi&£-£ 

h tz#> . m 2 4 fcSrf J: o %Wk-ffi£tfm& ZtiX^ 
4. C^RS^rffi*H2 4fcfi6->T»BW-*. 02 4 
(a) t^tt>co{42tSccos i&m (yy3y>XA) 
81. 82T'S>oT. -#WS i g«8 1 WTffiK*^ 
*gsw pS4 *y fcfTfitf £ bizX^X h'xYMn.8 5 
fcft*P**Ji8 3*W*8*l, i*«)S i»£8 2c7)_L 
BBfcttlfcflJI (S iOiM) 8 4#»«SiVOv&. C 
dOS i*R8 2<0±tS i«^8 1 «rSfaTSV^C»& 
5*(H24-(b) ) , JS^Lfctt, ±WSig«8 1 

HfcfcT*. ciot$p +t ®8 3(ix-yf-y/i^-h^'s 
iS$8l J:9fc'hSv*)T\ X7f-y^§<xSdt=3: 
<S i*K8 2<3±KS»K 02 4 (c) iZ^tX 0 
K, !^8 4<0±K£xymtfc8 5jWBlft3fl&. 

[0011] S iffl£8 20TBK(SEC VD 

ffiCJ:->TS i NJgfcJBjfcU S i NH5-A7-zy^ 
■$-£> z b J: otiMx -y *y rrncr)-?* ?8 6&B 
mi (H24 (d) ) . Si«J£820JhSt= 
{i, tx>/g!8 5 t^lBiS^'C A«Bai8 7 ^JfiL 

(024(e)). PSG*^5^fffi(Ci 
-5TA°-yv^-V3>K88^fiKtl. (02 4 

( f ) ) . oWt\ s i«R8 2KTiiM*»feJI*1!fct 

l)g|5^$r^8 9(73lf$4-C'H'J0atf (02 4 (g) ) . 

1f*nttffl9 0>WBKSi'l* (02 4 (h) ) . 
[00 12] 

[56W*»JlfifcLJ: 3 6HH3 ±IB<0J: 3 izLXWm 
5toiMtyt9li:S-.tll S8 9co±ffi(cl8 
fl«8 4 THXX'ty* is y 3 y*»fe^S KxVffiK8 
5jWB«$*ITV^. CeoT- txVfi8t8 5 b S i S 
«8 2i:«IWUR8 4t:J:->TI6ISS<X'CtJ0. t'xV 
ffln.8 5 b S i ££8 2 fctfJHt 'J-^tWffiilJ'D 
ffi*^5r< . 1 5 0-CW±<^S?att>v^T ittfliTOfifcfc 
I.. 

[0013] t*»U=5r*«^, 2ft«0S i 1.82 

sft^tfca, ±^s i ms.8 1 ^x./^y^-rsJi 

exV»fii8 5* t r/^yx.yf-vybt:J:-9Tx 
•yf-y^SflSifc^<. 024 ( c ) OJ: 5 KBrffiO 
Ji^T*exVffit)i8 5 jWjWSS J: 3 Jtftfctt, 
P"18 3 (txy«Si8 5) <\coj *>&Amz±z 

<-t&>£mtfhh. bzbifi. p"m83w(*>m 
\mz±%<ixji-vi-yy%ti\,z<<'thb. y- : J 
mzhtvmK-f&zbtfX'ZKfritc. -ewfc*. m 

[0014] iti^ l o^njSK-fey-9-9 l Sr^l>3t«i 
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5 

(C2ttOSiSK81. 82#&gk&^ Sfcfc, 2 

ms imm8 1 , 8 2$rs^i»igt, ®&i$titz 

Si*«81, 8 2 Srifrl ftftnmMZft&tX'i' >- 

x h o < k v *3 -j . 

[0015] V^tt/m&Mtofttt*. 

y^T'ii. d>«!S«, m#mmx\ &aj3EH**j£ 

HWtefcok . 2o*>B*£|a|i9fc:i»fc-f£ k IPX'. 

[0016] ^miWccr>m^m<ox^z^x^ 

«fc8W#OT4£fcKJ:DJbiea>fc©tt2o0K** 

[00 17] 

Htifi#*fe y-fii , ;<>\,1> i/Va y#>£> &4 fot2 fxy 

mtmmmt z , #-fi«^ y =j 

« Lizwcmz x *> ximttM uzzt&mtix^ 

[0 0 18] ifc. ±IBtxyj£8Sg^^tH^-by-9- 

^. H?ie^>-t^r»»;iffltL<«^mii 

[ 0 0 1 9 ] iiEexyffifiMtfcajtfsfrfey-tf 

(cfewci*, faEexyffist0>±fflc, rattB&fti 
lxi>xi\ *iv^i. «rEtxy«£o±fcafefe«* 

<0Aff ^M»(*1SISCM IT b X\.\ . 

[0020]*^. jjjtxyffifiSEftijjajssc-fe y-? 

IW*5WtSfirt-SS»»tlSIEtxyjStft*»tt. t° 

[ 0 0 2 l ] iSEtrxyfiJBWtttiB^-by^ 
ffirfiiexy»tfii:jEta*#tt<o©Si;Srfrie««±c 

£ k t J: o TiSStc «t 4fttt£tt£*Hf $ tf4 <k 0 lz L 

[oo22]§<i)(;, mE&KCM:. JS^o-ty^iS 
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a»t^GR^exyjatts:K»fc t iv^. 

[0023] ifc, *Wfl0«5'*jL-/m, ><7- I C 

<n£ o%%WM i bmv*ym£im&tt*.y*t 
tmorittzztzmmtix^h. 

■[ 0 0 2 .4 ] 4fc . *HBfl<7)lS«l^aiil^##^i, 
ifitxyfitS3^as^-b>-t*Ji[l6«. M5L 

tzztzmmtix^h. 

[0025] ttz. *m<7)#4 ymm&mtim. 
io a. ±Etxyjas3tn«ffi^Hs^*^9tcia» 

[0 02 6] 4fc, *^BS^*ffl^M^ffig®i» 
JJEtrxyjSfii35ft«iaj*«-b yVim&Wexmsm 

com&i-i'gMzmm. isi&fm<?>mf)*?m&cD 

mzttiZtZmib LT^4. 
[ 0 0 2 7 ] *f«H«»««JB«iaiiljB«. ±IE 

txyjsaswtttajsra-tviri:. itiffi^y^^ajff 
20 tu-r 4ffi#«s#at tntnz tzmt lths. 

[00 28] 

[flsffl] **^txyjsfii35fl;«iaj*3S;-by-9-fc:*o 
Ttt. a'/P? y'ja y-frt>ts:h txygfitk m.b £S? 

Sffl-ct txy^tt atKk flDBK y -^«awwi« 

^?L«^y3VS-f»KfliS-)i-|.ii: 

\zinxm%mm<oimmmiSLi,x^i><r>x\ ex 

30 a. znmwcommzzun^v ayfct. ze>&m 
fcthztizXnxmimzB&u ti/Kiii 

m^x-*<7)minmm<7)±.izmif<7)Mmtzii'oxv 
^mmmh. isy-yfizz. r>x exyjsstfciwi: 

xyjsfitwy-^wfiT-r&i tmw zvteMk. 

< . ^a3KH*%V > k ^ a *Br* 436»-t i k * 4 . 
dcojSH, ®1 5 0rfeUicOSia«ffl*^|gt\ 

4 exy&fiM&j&fcft-t y?zmm 4 i k 

* s T'^4. 

[0029] t^, 024 lew L7t^*c0h°xvmfii^ 
'• ^Jti*^-by-t«J:pt2«CWfflgS:^k-t-r. 1 

t-r4dk*^4. 

[ o o 3 o 3 i^exyjg^t^tB^-fe 
iza^x. ^y^mmzmuimm-fiM. mxi) 
\s<>wm&im%i l zm-&mg.£fo±.zit& z t &x- 

50 #4. 
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. [0031] §4>(=. *>vimmzimi>L<\*im. 
mmnmwniii . * y^msu^sswtcfc ttft 

[ o o 3 2 } ttz, tm±y-**m&&$i±+titi * * 
y^iiSi5$r^i?Hmtilffifl-i»c:fc* J f§, warn 

I o o 3 3 ] *at . exyjsfit«±iiifcira*jB)S . 

U £*J*«l*«fcl>«ffiK:l/CtJftHr. TOt^-f 10 
[0034] fcftUi. Kl/ffi^lCMiftl^ 

«stc»«LTtJWf. exy»tfi:rtoii««»*«/jNS 

htztbcoz h y^im^xams. * yarrow*)** 
sssuz x h mm R&it-r ft zbwx-zz,; 

[ 0 0 3 6 ] $ fefc, *yy^»gff£p!tt£fif-f ft$ft 20 

ft. 

[00371 4*:, HaUit txyjffljtofitttt&maj 

■r*fc«>«aajtmKiiiii»twtfiHr. gqttffiffiWfttB 

0»**&gfc-£-f . JBKtt«jajllIBt>*ftfctxyffiBi 
SHMftSWSrafrfe y-f £ n ^ h iz 4 b tf> ft Z b WX'Z 

ft. zuz, *ojHS««jai0»rtt:txyjstsfcjaffl 
mmeomtitmimiiii-txtimf. m&ittz 30 

ft 0 trxytttfeoffiflSHfci: iWfiilflWfifitoai^aHfc 

tar**. **v^i, fisttt^aiiii 
iwc*7-* 7 h&m^immmm&mzmtxtiif 

[00381 4*:, m-^mzm.<n^ w*s®uw 

^L-r^m^^xam. &*y<r*iwmm.in. 
gs^ft z b kj: ^xgatmvtummctizt a*? 40 

[ 0 0 3 9 ] *fc. txyjMBSflsmaj*** 

^fcLLifi^J: LTV>ft<9-t\ A-y- I c 

x-z. zcoxoK&mmrx'hismtnmiiiZfi*? 

ZbtfXZh. 

[0040] 4*c, mm®, mm. %®&. t<*? 
7u-*, xfmm<?)m®£mttii?>zbizZ'?x. 
mmmxnmn&ftz'mo zbtfx-z . zbiz. z<r> 50 
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[0.04 l I 

imM\ m l tt*IKWM»Wlfc J: ft tiyiM 

?*>ft. 1(4p-S i»St*-3t. Si mmwim 
W4ffi^K<0|HgB2 WSSilT^ft. n- S 
i *><9$r*-fe:^»J!i*3li. St#v^«JBTIHI»2 
rtfcttto&fuCisg, 2*<7)* :£ | 1: 5:^4^j;-5-CS i£ 

g*MS«k if*flr^»tT3Effi-t*fc, §G4#5lti£ 
Jg-fft. *4W«Jifctt. P*-WSiK5r4t 

xyjsK 5 ^msix-cfe 0 s txyjast 5 vmmit . 
ttxm4ff>mM.^tnti. ft->t. txyjatitsw 
ttfiMBtffcfc i^T-i: yy^r»a5 3 kjo*>* ana*^ 

[ 0 0 4 2 ] tti, -fe yy^iija 3 , ss4&tf exyjg 

fit 5 S i ffifcl £lil5«#i§tJIfc ioTISm^H^fL 

i (iHgP2rttB) fceoraasracu:, San mmm *» 

<^»<0*4iS»LT^6«««. BMk^'Jav (S i 

0 2 ) K»»^«IKjHI«7^ift«tiTV^. 

X , -b y^flTIWB 3(4. s i £K l rttcaftJiiiutSS 

7 1 i or* 4 o»a»&i»snfe i a %® 

febtoXm , -fe ytf nllftgB 3 &l/^4 (i S i s« 1 
*>^3S5^fctt«4Mi«ft"C*} 0,15 O-CULbOiS&T 

fc txyjsfit 5 1 s i 1 fc amic 'j 
ftjgrft*^v\ 

[0 04 3] §^>(C; SifflRl, ^y^»g|53, ^ 

4&vexyaat5<o*iBii'aft^i; 3y < s i n ) 

£>&ft^ y ^-^ 3 y|£8£J:oT?I;b*lT:fc9, ^° 
3 yK8«0±JC»aS:hJtA 1 <V±W,WMk9 
(i^-y i/<-^3y|18{*MPt*:3>-^^ h*-;n 
0 £31 LT txyjRBt 5<0H«C«SWt««ES*lTV^ 
ft. tfc, I«0lC§A)(:SiNA>A,«A'7y<--/ 

[0044] ortc, ±fMJg-fe yyAwKig^-ffiS- 

( a) ~ ( i ) t^L, JSTSI2 ( a ) - ( i ) tffio 

xv n) l«lffl«rO-fe>^JB(R««(=tJ^Ttt. 02 
( a ) t^-TJ; p t, S i &m 1 <o*Bi<oeWKH*! 

AtTp*ffl«{l lSrffMt, ;<0p*f«tl 
■VflHl*3ai^R4 Sr^figLJ: 3 ttft^^nM'f * 

mi 2rtoexy«ffi5*#j*LJ:$fc-r*««fcPiH 
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.♦♦■14&JMM-*. --T\ P* + iil4(i^7L®Si 

[004 5] OUT. 02 ( b) fcjj*tJ;dte, S 
SUOfWCLPCVDS (ffiECVDffi) KJoTS 

#J*U ll^A'.yi/^-^ g y!i80p t ^JiS{l lift 

i£«10Tffil=t£«L£S i N(il$££;fiS. 10 
[004 6] ZOm. SifflSl^HF 
*» «fc«»U H FMmQlzts^X S i Sfi 1 <0p 

2(c) fcjjrt J: 3 1« p + ^ii l i awuts i m 

JS1 1 Wi3Sffl3y^^Mfc'5r&P tt «14*^SSiE 

tftST'^Sp'^tSl 3ii^ y^-^Bym (LPC 
VD-S IN) 8T'#A-$ft.T^I>*:#>. mmnp** 
S 1 4* l A>H F*JS«>f ta*i4«a<0ffl!SCtt* fcfc 20 
V^)T, ^mti^\ tits Z<?)b*&MUtZti 

P + «« 1 1 e>mmkmmiznh®miin s i «u 

1 7A£jMfcf*. ftvc. P + ffi$l 1 £?l 
WSi*m6AfcL<tti«iME*?L*Si1H«l 7A 

. *?i*s i mm 1 6 Aava»**ints i « 
«i7ASr»i«Lfca. sia^i^SMts-tst; 

02 (d) izfp-tXoiz, Si»RHc«tf>ii**va> 
|.#?LKSiffl«16A(iSi02««16Bt^k; 30 
U *fc, ffi*ft£7LJ(S i ffittl 7 AiiffiftftS i o 
2 ffllil7Bi:^l>. 

[0047] OWC\ txyffitt5 (p'I« 1 3 ) <7) 
WBCfclvC. 02 (e) tjj^J^K. Ay^-^ 
a^R8t3^?b*-/H0&lPL. 02 ( f ) 

h*-;nosi ix &mnm 9 1 ex vm 5 1 

S£>£. 12(g) nzm-^z^ z 

^±A^r5X7CVD (PECVDJSCioTSi 40 
-/3>I18«L. n 7 y'<--/3>I185'A- 

yrix&mm9<r>mm"v Fbz&mxz 

y?9 J>*-;H 9£HPU /<-ys^-j/9>'il8 

[0048] .T<Df£, ^2:U-^'XMK2 0fcJ:oTS 
ok«:S i Oi«m 6Bfc#to^4ffiilT , i^.xh 
K2 0K362 lfcfllPLTS i Otfflgl 6 BcoSg&£ 
Hffi^-tfS. OWt\ HFTjqgjfc-^HF + NH^FyjQg 



' #^¥6-324074 
1 0 

7) ftCJ:»)SiOi«tWl 6B£x.y?->-ylfc3rU 

x .y ^yymm.<r>^.mzi.^ x im^mm 6 j» 

5. fcftC a^^n + ffi«l 2lz£^X-ty?*im&3 
&TM4&Bffrt&. x.^y7-t&zt*<m 
Itz^m S i O2 «W 1 7 B t i o T f^m^SIJl 7 £ 
JBSf*. W**SiO!«*17Bli. « 

commzim LTx-yf-v/i^- -jeo 

X -y f-y /8ai<0«*C» L-tX 7fy^^fi 

< * 0 . b o E x -y f- y y t x h Hr y-t ^KSB 3 
[0049] iolBitfJfefc: J:*uf . h F*?§?s+(;fc 

J; 0 , s i mm. 1 (CA/P? S i oexyjata 5 . -fe y-t 
^IK»ai3. Sr B mi/K^JKS i 0 2 )il 7B*>fe*4tt 
«MM 6 , 7 Sr W&th Z k tfX'Z . (D 1 5 
cOiSiS^fflA^Ifg. fro. ©SS!§S. KiMBSBT. J£v> 

^jpaig-fe y^ a *fw-t4 c: t fr-c^ «. . 

[0050] 4fc. i««3!ari£KJ:fUf. ti/fiSi 
5**4rttS«t. *7LltSi*«16A. 17A^|g 

6. 7S-^LT^SOT\ t^O^yxy/rn-feX 
fc J: ^ T fxvM 5 £ ^c7) J: 0 lz . x 

5 «0y--^Sr^:& < -f 6 <! frt^ , *!SJS. 

fr-C^I.. fl!3ft#^)J:dC2tS:«OS 

fc-it-f, -e^^vy-y^^xst^s^v^ 
[0051 ] H3K^tt«li*l^<i08iKr5atMt J: 

HfBKft-jTti, ^/y^-ygyll 8<0±fr<?>-fey 
^W33co±tc^«, iK'Jy'Jax Wyij3 
y, SHt*^*»<5>*4Jl l 3»2 6*S!BteglSL. MDnR 
2 6 C7)*ffl£ § -y i, 3 ym2 7liZ£~>xm 

it:i> <nxh h . z commmco i 3 y-f nn»» 3 1= 

« 0 iS 2 6 Zmh t . -b y^"TI6gp 3 frJSK L%<tc 

h<nx\ >hzmmmzm-&*y-t®g.zfa±.z-£& 

ZbWXtZ. 

[ 0 0 5 2 ] 04 izTFi- i><n**m*?)i hizmmifo 

miz i ^.jDajK-fe ytc f^tBrfflHT* h . i wJdJS 
K-feytcfcfcoTJi. -fey-^DSBW^^cT) 

'J^$ ^maatitr* -t y-yjsss: m ji^^ § £ t *» t- 

[0053] 05C^-f fc^l4*S6W<!OS 4)fcaBrSIJt 
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1 1 

R-tyy-Dizh^xi*. -ty^wm3RW^^<- 

: ^3ym8. is KiTcaai't 4 iffl *> i < imm® 

WBDP»28^R»trv^. £*>J:3fc-fey-fr*r»S3- 
fc«ffl-t4MP»2 8£B»tS£fct=.l:D, -fey**!* 
8 3 *^Sat 4 1 # W^miSfiteiBMt 4 i t , 
SAUKftfc <k 4-fc yifJSa^fiTS' RSit-t& i 
4. -b^®K^f6]±$-ti:4ifc* s t-^4o 

[0054] 16 M7rsti>v>te*m<?>z uzmfm. 
mizx urns.* y^rE^m-mmmvhh. t\<nwk 

K-fe^EKAoT'U. -it ^it-^mffi 3 «rv^ tfD 10 

£f*<7)±2r£ S i Na^&4ffitJHJB|2 9tciOS-5 

r, ^y-t^r»ai3c7){iaL-rv^4^p B T3o j^jhLT 

04. «ikffl^2 9{C,t-5T-fey9-nril^3<^ 

m29tcomzi>gf$3otf t Bj8.zixx^&. zcvum 

S-feyiMc*-5Tli, -b>"9-^'i)gB3A i 'W±fflM2 9t 
SB 3 cOfSSfefcRftitf S w t 4 . 

c o o 5 5 ] ; <^ii±mmtmx o % * o a >HDir 20 

J£U «ttlO±KPECVDffiK.i-5-CS.iN*»<5>?5r 

**fijjflj«2 9*»js-f*. z<7)m. $t±mm2 9Z- 

*Wfc»jhfflJH2 9 WHIP t PEC VDJSCJ: 
•frstS i NT"S<\ 30 
[00561 07 t,Z7Fctt>MS&mi?>Z fcfcJJ'JfcUtt 

miz£&%\m&.*y-*F£m?®m®x'h&. 

g.-tyyFt t zfo~>x!,±. XVyVayXtes i NA>£>& 

4^±fflH2 9\zi^x*v-*mm3to±3i*n\\ 
n±mm 2 9 jc «k -5 1 * v tsjusb 3 * it it 4 1 * jc 

*OSihffilB3 1Sr«flES*fct>0'C*>4. £<0jl«* 
•fev*Ffc&->THU -tyf«IK)gP3<7)^lfe5:K±T^ 
4 1 fttc-fe 3 o£susi5i£<s$-f 4 i t izx 

■oX -b y*«£ I*l±£tf4 £ t 4 . 
[0 0 57] £<0#iIJflK2 9ti. PSG*<9#5*tf 40 

MzLPCVD&iZX-oXXyi'VzyXliS i N*>£> 
3r*l*j|JfflI2 9*WJftU »jUB«2 9fc-»MIPL 

1*»«U 5tCS>tt^^itfflll2 9<OPlP&LECV 
D miz X 0 *fc# 'Jy'Ja XXti S i NT'S <'. 

BBPfcitjtfSBL Jnaus-fey^FULP (fiffi) cv 

D$mmz*>z>(?)x\ n±mm9mm±^m3 i# 

«£E£ft4. 

[00583 08 (a) (b) li*#pj<0§ fetCJM^H 50 
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1 2 

ttewc x 4 joas* y g i^t-mm i tzmma. 
v? exists zm£m4 cv-^z^-mwmx'h 

8CO±*'t^g Ji f»K-b*y/$tl7t^'J x»J 3 V&£;<7) 
SWtm*» 4 ^mJi 3 2£flMU $ A> . 4WI 

oT«oTH*. i<^«l«13 2ligi*ajL? 

-f y 3 4 WittSSr^ -y is 3 >^ 1 8 K fflP Lfc 3 

yh^h*-;i-3 5*^Sia«iic«^W(=^§* 

»*»3 22-S iffiKl tR«<a (fcKlis 

(i . fx VStit 5 W±tC±TBB2- >» < -y y 3 y| 
33, 18fcJ:oT»*<lfcSWM3 23WefiKS*lTV^ 

icox\ zcDmnm3 2t,zZ'>xmms4x&>'-i\') i 
t&zttfT*.. mfrbnmmsj xz$mz<<% 
^xmm;4xm<%&. 

[0059] 09 (a) (b) li^micoZ 4>KJJiJ=5r* 

mmz£&tmm*yvu z*i--wmitzmw®R 

soffit ^$^4 j: 3 k ixmmm 3 6 1 1 
< immco^y t , ^ixm^zmm^ 1 4 

±fltfc»a**l3 6*»jS-r*Cfct:J:o-C. 

l. ffifitaj^^M^h$<-c#4. tto-c. anaa-fey 

■fHcO»S$r|6]±S-ti:4^i:* i T'^4. ^9fM3 6 

5*SBwmmW=5rffi*&t X htmWltMt i Kih-t 4 i 
fc^t'#4. 

[0 0 6 0 ] 01 0{i*^O§ ^tgiJ^rUffeWc £4 

JttJV^TJi, -fey^S)gfi3c7)5t«gi!^i:*f(6]-r4{4 
mzti^X. Sia^l36»4>0fl»2±*^5SajS-fr&J: 
3 LT S i fflS 1 ±WtX h -y ^3 7 *K{fT ^4 . 
XN7A-3 7ti. Wj|H:ireirt.tJ:< > *>4v^ 
ti, PlllHc2iBR»tTilK. *4V«3fflJaxl»rC 
iiO. ;<7)J:3tCS iSKltCXh-yVN'S 7$r|gttT 
v>4t. -feyir^rii«3*y:*<358Lfci*, -fcv^ 
KISS 3 #X h -y /* 3 7 (C 3 4 £ i: Ic J: o T -t ixlXhO^ 
ff^aiJPI? tft4tf)*C -fe yimiMi 3 W^4*>'»JPS? 

S^^Cj;^T^y- , f^l!!Si53^^U^4^ii!5 
»"f 4W$:RS±-r4C: t 4 . 

[ o o 6 1 ] h 1 1 t*-rt>ot±*^cos uzmzm 
mmizx 4 jDas-fe ywm <n-u*ifck ix^tm 

TA4. ifJUJfcMfcfto-Ctt. *4Wtxyffi5t5*« 
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1 3 

fxyjgjt 5 com® izti ^x m izw <o x & as 3 8 m 

<=5ro. anaa* y y«<gg#i6j±-f ft . 
[00 62] txyffifit5tfDjfi»t:tjv^*4fc: 

m5cr>mtz&^xmiznmiL3 9 s $>wK*m-txi> 

[0063301 3 Cjjft t <^i*l«B<0S 6 fcS'I&H 
^iMCfc^tli. *:^*r»»3*£J9L.TV*ft*4 

oSBBfctxyttis 5 s-j^bS; it h o . exy&i*; 5 1 
ftt««tfi«iasia»4o*fltsw4>t«><oisfii4 1 *s . 
i»«i«o«ffl(c»«L"C*>4...«!oT. exy»as 

Ji-fe >-y^I»a!3 f«SfiH=J; -?TM4#£tf i: . ^nt= 

&^xv*vm.5<nmmRpimikfhtf. m.4 20 
1 «*4 offic j: -> TJ4»fit«R^35fl: i-a v 
fc$ro-ov&. £ft&*>exyffist5»tfffiiii4 m. 

5 i 1 JboEHy y TH 1 4 tciir*- J: d&yy 

mk&®$&4 oth. \i)m?4 2 , 4 3Hte£«« 1 
hj*wf4 4. 4 5iawitffiv*«ai-t6 
it t j: 0 exyffiK5offiffi«g£fl;£taa!"C# ft . 

[00643 01 5«iJgSiffl^aiIIlifScOfliJf?iJSr^f 0? 
*ot. S4±fc#j£§ftfc4»oexyffiiji5fcJ:-5 

r y >j -y yniss^ t- , # txygfii 5 1 -?-*t-mis 30 
smiffl««:4 6S-tt?ijti$ALT^s. zcou&mm 
mmkA 6ti^4 co^mizx -oxfrnign*^* 0 k 
sifflRi<^>»iBK»*'s<tTv^. L*»t. iaee^Hi- 
flmsu 6(4txyjiHSi5 fcaaaastt 0 - a* 

itlXh txyfilS 5 OffitafiR p fc ffiJgffl fitfflffiffi4 

6 <9jgSi«R c COKIR p + R c tt«0Mtfcfijltah.* J: 

coo65]0i 6{ifitit<i«!aiii]ss^$ e>izim*m 
tmxh o t . 4 fls^ txyjgst 5 1 ii^wsfflfifii 4 

8 1 *>B*Jfl*: J; -> x y 'J 7 \?Wk i l , if vf ft> 
l®J5rtftfH$fc*7-fe-y hH8Hffifit4 9«r»ALTV> 
* . -W!gJSIiSfflffit»i4 8 fc*7-fe y h«fflffifii4 
9i:tt*4<^C»t«J:oT»»Sr»«rV^J:3. Sii 

«i<oiiiiifc««snTtiO, "rassKfcfc^T^ft. 
s*mmhzbi<z£V), mmtimmomst.* 50 
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WmhZbtfX'%1. 4fc, *7*7M8Bfflft*t4- 
9*fHt*4£i:fc:J: S64<O2#O0H§-&fcayj* t 
0fc^r^J:3jr7-b7 MUSrHSFTft ft. 
[00663 017 ti*#PW>5 4>t8«rlttHJ«c J: ft 
flPii«*:xyL£5Sy ;! Pffi0-CJ>ft. .^JMg-feyy 
LtCtlV^TUt. S i*«l£«&cD-fcyyTiri(lS3a~ 
3 e £T W ttfcEfll U yy^J«)gii3 JJ)H4 
*4Ctxy^t5*R»tt:*ft. #^>-y^"iigi53a 

-3eit m^immmcomnizni-mm^ix^ 

ft. flitt. #-feyy5rSlj^3a-3e{i s 018(35* 
tS l^S 5<7)m.&mX'%frZtiZ>£o%®$.$: : fib 

txyfifitS^EBWiaSLTttS^^flTfe 1 ?. i<0tS 

[0 0673 u&mmiz&^xii, sift^ffis 

« w exyjgtia&fbtjjaj^s-fe y^waiiBBBBi 
JtoE^j^aa* (officowui £ tuaj-r ft Tt^-t >y 

b-f&Zb1*X'ZZ>Zbl±^o£X%fr\ 
[0 0 68 3 01 9KSr^t<OJi*»BH<o$ ibCSfPSrSI 

5 1 kft(c^^K«*exyjfifiiJMHJiai*«-by^ 
5 2 ^JrtA 4>ixT v \l . i 3 fc$BR<0*& 
X5 1 fc^ttxyjgtn^t^ffl^-feyys 2S:-#: 
^VA-/Pt Ltflt^ft^Tt, *fHH<otxyfi 
fiSHfcttfBASC-by^ 5 2 SrJBVtfUf , » 1 5 0'CJiUi 

*><of6i:Snft^J; ->t txyffitfi3fflflftffla#fe y 

^5 2A%»-rftJ2^-$r'hS<tftifc* { -C'^. 
-/HfltomfflttfciStf) ft £ i: ft . 
[00693 02 0iZ7jkti><WZ*%Pm% ^zWj:% 

mmiz x ft wmtammtt ^mmx-h^x. *muz 
m h'x.v't&mmmu^:comm^ yy 5 3 1 . s 

MM. Ml. 7^*?7V-y If^S^O 

«g5 4t]R'5ft*tTV^. JROWtfiWi. 88315 4 

HtJac*Ifl«K)^*aaWr if tJR 0 tffi ft i: J%v \ * 

%mmms.*y<r 5 3&ztit>commzm^izbi,z 
ztit>mmm>*!mx<®iiits>zbtfx' 

!S#s54(0fitcJ;-5Ti, iDMS-k f y 5 3 *>'4ic» Uz< 
<. iix^c7)SI5g5 4coftifflttt>[6l±yft 0 

[00703021 K7pttott*iw*os uzmm 
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1 5 

tmiz ihxjy Emmmm p £*-f «p&[itj> x\ 

(fltt. i£ , EfcWSWtfc J: o TSEfiW* * 4" 7*7 y A<0 

fttfcO. Eft-fc^-9-5 5tJ:->T^ ?»»IE*1I* 

1 5 0lCJaJ:«>5Mlfct)lfi««)-C, #4 5 5 6<7)J: 3 

Eft-te >-f 5 5 X'tj; < . Jnaa-fe y^Sr #4556 KK 
« & 0 ft »t, #4556 ^SS«»^^^ajf & X o tz 

[ 0 0 7 l ] H2 2(:ttt«i*»H(:MI 
SSSHHfttfl*** ytf 5 2 £ V 5 7 CffiSlR 0 nif 

«iaj-r s £ fc a«T & s . £ t exvttfit 
^b«iai^-t:^5 2S-fflv^cfctJ;0, 15 or 

x$-£l>-*4 H^htfflv^6ii:«r<. itlKWgj&ffir 
[00721 023 fcOfcfcWMHO* ^(cSO'SrSS 

om&miztswt. nam. mm. fsm ire 

ML T-fX^yu-df^«o«S5 4tcexyjg^^ 

now* y-t 5 2 i jr o fttt . exrafisiHtttai** 

■fe >"* 5 2 *>IH2) £WM» 5 8TJiffl Lfcft . 

35 5 9 ^A7J IX . fi^Masp 5 9 « . trxy JftJR 

£fl3»atff#fc 5 2<0«iaje# C 7 r ^ «gi£ft 

5 4Wj|»0*rif£BaJIU «S 5 4 LT 
imt hXo fcMtt 5 4 £7 4 - W ^W»t4 . * 

[00 7 33 «:<0S?IM^aJi6BR*^#WtttWf 
Mi{fl«»543&«a(«»0*&-C**i:. fxy 

{2M»fi&o/ 7 # y T'fctftai-*-* . trxyffi^t^tb 

■J&t±y*5 2*V -ydf V7*i®ftth t , <i**ii3« 
{i£^ftffl#t£ttLT7r^^£ff£<,\ 
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1 6 

[ 0 o 7 4 ] £>£ v , oft 5 4 *>'t -< — fe" iv&cnmb 

m^m^zii, txysas0Gfls»ai*T*-fevir5 2fcj: 

oT«5 4^X?7-y7"if£&tlJU SWIil 
oeWfJfl#fc»LT7rxM«ia2:*T^V\ J^SOX^ 

m^mmmztiij) ixx? y •/ v>7zwmz> z 3 

[0075] ifc. W&5 4.Wt4A971>- : *<W& 
Ktt, h-xyffifit^t^ib^-fey^5 2(Cj:o-tT4 

[0 076] «S5 4* J If^)*&W±. 

^ttifi^tc 7 r ^-y <m*mz tizx *)j)ft<7)xm. 
*ixxg:3c.mmx''mb j <t&. *>&wi. mm* 

tUlJ-tHiUzlXhXW 
20 [0 0 77] «H»54*«#>f 5<0«^(i, #>f5 

i<r)&ftm$mm®®5 9 1-7 r ^a-ti. ; t 
tzi o . 5rt^sj»flMa*««art-s z t tfxz & . 

[0 078] W»5 4«qCaftMH^Ol«ff^«- 

30 ggfl 5 9 T 7 r >M ^3 L . *rt «flKB«tttf>SUt*E 
«3&»65MiTV^*Ofcl«Jrt-*i:. gfiffifc& Setae 
[0079] 

swc. m\ 5ox:jjU:<o»ffl-?fcexyjsfai:»Rfc 

40 itfcimmzx^xmmttMix^&cDT, mmmz 
t$^x t-x vmi<r>y~ iswfc-vth z. t z 
<m& . avi^^ v u 3 >mfc<?% \\&x-fo h , assail 

t#s. do*s«. ®i 5o*cja±<osfl«ji*«rffi 

[00803 2W)WR*mk*tr. nx^rn 
WLfrhm.-$hzktfx°*h<7)x\ 3Ahh%mz?z 

50 ZktfX'%&. 
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[0081] Mx. X , OT^tvtCl^nma^J: 

^v<r>m\mmmzmm%.*\ft±.z*ti> zktfx-z 

[00 82] Sfet. -fe >-9-™gPfc 1 fit, L < fi1S^ 
ffle>BHP»«riW*Mf. -tryt^il)SRO^B#lcfc(tS 

[0 0 8 3] £*:. msi*yV*I®&Z$i£ttU$, -fe 
>-9-^»a5S-^»Bl^tJgK-f-|»;tA J T^, want 

tt#i*]±ir*. «jhrt»t«fftTJ3fttf. 
[ o o 84 ] *fc . ttvmfovimizmwfiiffi®. 

s/NJbWttf*. 

[ 0 0 8 5 ] &* VKi. tx/IS(0ira^*iJ: 
KKfcJB* LTfe fttf . exV^rt^aKflWtf'hS 

[ o o 8 6 ] t tz. mmz-ty^mm^miumt 

&tztb<nx h -y^zmfTti mi . -Hry^iSawja:*: 
SHifc J: Slfcfllfr Kit* S ■! fc #T*3 & . 

[00 87] stc, -b^TirnssaMBa^tiii* 
»tc«9K&«fcL<tt§ijps£Sftfttf, woks* 

Sfttft iB#3frfe >~t t n W<«? h fc * fc to 6 £ i: *>'T'£ 
4. SfcK, ^c7)»tilfl^ttll]Kl*I^t°xyffifiti;i£a 
£ftttOffijg^fflffi!ii££3^fcWf . ffiBBEfcfc 

#a bfxvaatwHiwEfki: a«*Miffljiaitwffl*sHt 

[ o o 8 9 ] a Jt . H-s«t:«»o-b >"y*r»a?&tx 

£ k iz x -oxm.mmimmk-t& z k &x- 
[0090]*^. ^f^tx^jHsaftsiaj**'* 

yWtliWX o ZmittLX^&OX'. tV7- I c 

(o^hmmtk-n&mffiTiz&^x i>m^&z t# 



1 8 



ZktfX'ZZ. 

[ o o 9 1 ] urn mm. im. r>f z9 
7u-*. xmm^mmzmnmzkiz^x. 
^rnxwrn^^imozkifix^. £<?) 

tttil«^*ft^iPS«T7 r HfflSrfft: oZklzX 

^m^im^mmnamm^m z tip?* i . 

[HiBWfBm^i»BB] 
10 [01] *«H<0-*ftW£ X * txVJSfiaHkttiB^ 

[02] (a) (b) (c) (d) (e) (f) (g) 
( h ) ( i ) im±.<Dt\l&Bl*>wm&i%t:7jk-?Wi 

mmx-bz,, 

[03 ] xmnmrnnmizx &mt&± yvz^t 
mmmx-bh. 

[04 ] xmntsuzmzmmmzx umx±y* 
Zvk-tmmmx'bi, 

[05] *%wn s 4> izm%9mmiz x & tmse.^ y+r 
20 imwrnrnx-toi. 

[06 ] #$69!*)$ h fcgfSrmttfflcJ; 6 Jnaut-fey* 

[07 ] #3S"fl^S fctJiflfciaftflKcJ: 6MS*vy 

[08 ] ( a ) a*m<?)is uzmmmmiz x&im 
-mmtmrnx-bh. 

[09 ] ( a ) ti*^Hjj(o§ ^taiJ^HttWCJ: 

[0 1 oo *mcoz t>izmmmmizx&i)mm-t> 
y-£^tm®®x'bh. 

[01 1] *«WWSA>C8«*IOt0ifcJ:4J!fiS«-fe>' 
[012] *«!!BoS4,tSKr5lt60!fcJ:6aifi»K-fcy 
[013] *«W«S^>CS'J i flrlltt«tJ:SJi8S«-fey 

-rc£>-?-t. aa«««aiiiiB*«jfi-r4exyjS!jtRtx 
40 [014] R±tfDjga«»ajEiB**tia»H , r»4. 

[015] »«t«Kffllil«W)tt0(IS:iirrigBH^*i. 
[016 3 ffi*t«fl»aj0»<OSA.t:ftWS:S^-|lIliaT 



[017] *%,w<dz cizmmmmizx htm&±> 
?z^-f¥mmxb&. 
[0i8] R±0#mwmvti i . 

[0 1 9 ] fete3Kr*StWS:7i^iWSa"C* 

a. 

[02 o ] *«w<os btzmmnm*'F&mmct> 

50 i. 
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1 9 

&. 
h. 

[H2 3] uzw^mMzmmmx-b 

[H24] (a) (b) (c) (d) (e) (f) 

( g ) ( h > \m$Mz j; h » ywmmxmz 

1 S i s$ 

3 -tyt^r»gp 

4 m 

5 trxVjgffi 



10 



20 

7 mm) 

16 a znvsim® 

1 6 B Si Ozffi® 

17 A a**^7L«Sifi^ 
17B s&JgS i 
26 fiOSP 

2 8 UPgfl 

2 9 ttihfflU 

32 smi 

3 6 SMftJf 
3 7 X h yJ* 
3 8 WO^^SB 
3 9 M?L 



[01] 



[01 1] 




1 - 




8/2/07, EAST Version: 2.1.0.14 



(12) 



tm¥6-3 24 0 74 



[02] [063 [0213 




8/2/07, EAST Version: 2.1.0.14 



4 



(13) 



8HFP6-3 24 0 74 



[121 5] [116] [019] 




TZZ 



8/2/07, EAST Version: 2.1.0.14 



(14) 



WP6-3 24 074 




8/2/07, EAST Version: 2.1.0.14 



JP,06-324074,A [CLAIMS] 



Page 1 of 2 



* NOTICES * 

JPO and INPIT are not responsible for any 
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CLAIMS 



[Claim(s)] 

[Claim 1] The piezoresistance change detection method sensor characterized by carrying out dielectric 
separation with the oxide film which was made to oxidize porosity silicon thermally and formed said 
piezoresistance which consists of bulk silicon, and said substrate in the piezoresistance change detection 
method sensor which detects the variation rate of sensor moving part supported by the substrate by the 
piezoresistance. 

[Claim 2] The piezoresistance change detection method sensor according to claim 1 characterized by 
forming the weight section in said sensor moving part. 

[Claim 3] The piezoresistance change detection method sensor according to claim 1 or 2 characterized 
by preparing said sensor moving part one piece or two or more openings. 
[Claim 4] The piezoresistance change detection method sensor according to claim 1, 2, or 3 
characterized by closing said sensor moving part. 

[Claim 5] The piezoresistance change detection method sensor according to claim 4 characterized by 
decompressing said interior of closure. 

[Claim 6] The piezoresistance change detection method sensor according to claim 1, 2, 3, 4, or 5 
characterized by having formed the conductive layer which consists of electrical conducting materials, 
such as a metal and doped polish recon, on both sides of a dielectric film in the top face of said 
piezoresistance, and making this conductive layer into a substrate and same electric potential. 
[Claim 7] The piezoresistance change detection method sensor according to claim 1, 2, 3, 4, 5, or 6 
characterized by forming directly a thermal conductor layer with good thermal conductivity on said 
piezoresistance. 

[Claim 8] The piezoresistance change detection method sensor according to claim 1, 2, 3, 4, 5, 6, or 7 
characterized by forming the stopper for restricting deformation of sensor moving part to said substrate. 
[Claim 9] The piezoresistance change detection method sensor according to claim 1, 2, 3, 4, 5, 6, 7, or 8 
characterized by having prepared said piezoresistance in the supporter which carries out elastic support 
of said sensor moving part, and preparing the notching section or opening in said supporter [ near the 
piezoresistance ]. 

[Claim 10] 1, 2, 3, 4, 5, 6, 7 and 8 which are characterized by preparing a resistance detector on the 
supporter which carries out elastic support of said sensor moving part, and said substrate, or a 
piezoresistance change detection method sensor given in 9. 

[Claim 1 1] The piezoresistance change detection method sensor according to claim 10 characterized by 
making it make the property change by temperature compensate by preparing said piezoresistance and 
resistance of the reverse temperature characteristic on said substrate, and constituting said a part of 
resistance detector from this resistance. 

[Claim 12] The piezoresistance change detection method sensor according to claim 10 characterized by 
having prepared offset resistance thru/or the resistance for sensitivity settling on said substrate, and 
constituting said a part of resistance detector from this offset resistance thru/or resistance for sensitivity 
settling. 
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[Claim 13] 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 1 1 which are characterized by preparing two or more sensor 
moving part and two or more piezoresistances in said substrate, or a piezoresistance change detection 
method sensor given in 12. 

[Claim 14] The module characterized by combining exoergic components like Power IC, claims 1, 2, 3, 

4, 5, 6, 7, 8, 9, 10, 1 1, and 12, or a piezoresistance change detection method sensor given in 13. 
[Claim 15] The device with an oscillating detection function characterized by attaching claims 1, 2, 3, 4, 

5, 6, 7, 8, 9, 10, 11, and 12 or a piezoresistance change detection method sensor given in 13 in devices, 
such as a prime mover, a motor, a generator, a disk brake, and a machining machine. 

[Claim 16] Physical quantity detection equipment of the boiler characterized by making it make a boiler 
detect physical quantity, such as vibration of direct installation and a boiler and a pressure, for claims 1, 
2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, and 12 or a piezoresistance change detection method sensor given in 13. 
[Claim 17] Physical quantity detection equipment for gases characterized by attaching in tubing with 
which elevated-temperature gases, such as a steam, pass claims 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 or 
a piezoresistance change detection method sensor given in 13, and making it make physical quantity, 
such as a pressure of an elevated-temperature gas, and the rate of flow, detect. 

[Claim 1 8] Abnormal-condition detection equipment characterized by having a signal-processing means 
to detect abnormalities by performing fuzzy processing to claims 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, and 12 
or 13 to the detecting signal of the piezoresistance change detection method sensor of a publication, and 
said sensor. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a piezoresistance change detection method sensor. It is 
related with the piezoresistance change detection method sensor applied as various sensors for detecting 
physical quantity, such as force, a pressure, acceleration, the rate of flow, and a tilt angle, especially. 
Furthermore, it is related with the module equipped with the piezoresistance change detection method 
sensor, a device with an oscillating detection function, the physical quantity detection equipment of a 
boiler, the physical quantity detection equipment for gases, and abnormal-condition detection 
equipment. 
[0002] 

[Description of the Prior Art] It is divided roughly into what used polish recon for electrical resistance 
materials, and the thing which used bulk silicon when the conventional piezoresistance change detection 
method sensor is seen from the point of the quality of the material of a piezoresistance. 
[0003] (Piezoresistance change detection method sensor which used polish recon) If it is in the 
piezoresistance change detection method sensor which used polish recon as the quality of the material of 
a piezoresistance, since it is easy to form a detached core between a piezoresistance and a silicon 
substrate, and to carry out dielectric separation on the manufacture process, the piezoresistance by which 
dielectric separation was carried out with the silicon substrate is used. Therefore, by the sensor 
concerned, unless dielectric breakdown of a detached core occurs, between a silicon substrate and a 
piezoresistance, there is no possibility that a current may flow and even an elevated temperature 150 
degrees C or more can be used. That is, it has the advantage in which the service temperature limitation 
by the side of an elevated temperature is high. 

[0004] However, the piezoresistance (henceforth polish recon resistance) using polish recon has a small 
gage factor (resistance change to the amount of distortion comparatively) as compared with the 
piezoresistance (henceforth bulk silicon resistance) which used bulk silicon, and only about 1/5 
resistance change of bulk silicon resistance usually breaks out to the same amount of distortion. For this 
reason, when the same configuration and the piezoresistance change detection method sensor of a 
configuration were manufactured, sensibility and resolving power were inferior to the piezoresistance 
change detection method sensor which used bulk silicon resistance in the piezoresistance change 
detection method sensor using polish recon resistance. 

[0005] Moreover, since the destructive distortion of polish recon resistance was smaller than bulk silicon 
resistance, when the maximum distortion at the time of detection would be designed low and having 
been doubled with the lowness of detection sensitivity, there was a fault that the detection range of input 
physical quantity, such as a pressure and acceleration, will become narrow. 

[0006] Furthermore, as compared with bulk silicon resistance, polish recon resistance is one with a large 
(usually about 5 times of bulk silicon resistance) temperature coefficient of resistance (TCR), and its 
change in resistance by temperature is large. For this reason, the piezoresistance change detection 
method sensor using polish recon resistance had the bad temperature characteristic, and it was unstable 
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to the temperature change. 

[0007] (Piezoresistance change detection method sensor which used bulk silicon) By the piezoresistance 
change detection method sensor which used bulk silicon, since sensibility and resolution are high since 
the gage factor of bulk silicon resistance is large as mentioned above as compared with polish recon 
resistance v and destructive distortion is also large, there is the advantage in which the detection range 
can be made large. Furthermore, since the temperature coefficient of resistance of bulk silicon resistance 
is small, the temperature characteristic is also good. 

[0008] however, by the piezoresistance change detection method sensor using bulk silicon resistance 
Are performing separation with bulk silicon resistance and a silicon substrate by p-n junction, and 
moreover, since the p mold of the property of piezoresistances, such as a gage factor, is better and it is 
common to maintain n layers of a silicon substrate to high potential Leakage current tended to flow on 
both sides of the detached core of p-n junction, and there was a fault with the as low service temperature 
limitation by the side of an elevated temperature as about 150 degrees C under hot environments (150 
degrees C or more). 

[0009] For this reason, a piezoresistance change detection method sensor which are ** high sensitivity 
and a high resolution, and fills to coincidence two demands that the detection range has a high service 
temperature limitation in ** elevated-temperature side with the goodness of the property of being large 
is desired. 

[0010] Then, in order to satisfy these two demands to coincidence, the manufacture approach as shown 
in drawing 24 is proposed. This manufacture approach is explained according to drawing 24 . It is two 
Si substrates (silicon wafer) 81 and 82 which are shown in drawing 24 (a), and by driving p mold ion, 
such as boron, into the inferior surface of tongue of one Si substrate 81, the p++ layer 83 used as a 
piezoresistance 85 is formed, and the oxide film (Si02 film) 84 is formed in the top face of the Si 
substrate 82 of another side. After joining the Si substrate 81 of each other in piles on this Si substrate 

82 ( drawing 24 (b)) and joining, etching removal of the upper Si substrate 81 is carried out using alkali 
etchant, such as KOH. At this time, as the p++ layer 83 remains on the Si substrate 82, without being 
etched since the etching rate is smaller than the Si substrate 8 1 and it is shown in drawing 24 (c), a 
piezoresistance 85 is formed on an oxide film 84. 

[001 1] Then, an SiN film is formed in the inferior surface of tongue of the Si substrate 82 with a low 
voltage CVD method, and the mask 86 for anisotropic etching is formed by carrying out patterning of 
the SiN film ( drawing 24 (d)). Moreover, a piezoresistance 85 is made to flow in the top face of the Si 
substrate 82, metal wiring 87 is given to it ( drawing 24 (e)), and the passivation film 88 is further 
formed in it with glass ingredients, such as PSG, ( drawing 24 (f)). Subsequently, the part exposed from 
the mask 86 is deleted to the thickness of a beam 89 by performing anisotropic etching to the Si 
substrate 82 from an inferior-surface-of-tongue side ( drawing 24 (g)). Furthermore, a beam 89 and the 
sensor moving part 90 are formed by leaving the part used as a beam 89 and carrying out opening of 
other parts for a thin-walled part by etching ( drawing 24 (h)). 
[0012] 

[Problem(s) to be Solved by the Invention] If it is in the acceleration sensor 91 manufactured as 
mentioned above, the piezoresistance 85 which separates with an oxide film 84 and consists of bulk 
silicon is formed in the top face of a beam 89. Therefore, it insulates with the oxide film 84, and a 
piezoresistance 85 and the Si substrate 82 do not have a fear of leakage current flowing between a 
piezoresistance 85 and the Si substrate 82, and become usable also in an elevated temperature 150 
degrees C or more. 

[0013] However, in order to make it only a piezoresistance 85 remain by predetermined thickness like 
drawing 24 (c) when etching the upper Si substrate 81 after joining two Si substrates 81 and 82, without 
a piezoresistance 85 being etched by alkali etchant, it is necessary to enlarge the ion injection rate to the 
p++ layer 83 (piezoresistance 85). However, when carried out that the ion injection rate to the p++ layer 

83 is enlarged, and it is hard to be etched, a gage factor was not able to be made not much high. 
Therefore, the advantage of bulk silicon resistance that the detection range is wide was not able to be 
efficiently employed by high sensitivity and the high resolution. 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 11/1 3/07 



JP,06-324074,A [DETAILED DESCRIPTION] 



Page 3 of 12 



[0014] Moreover, in order to obtain one acceleration sensor 91, two Si substrates 81 and 82 were 
needed, and there was a fault that the process which joins two Si substrates 81 and 82, and the process 
which carries out web thinning until it becomes the thickness for about one sheet about the joined Si 
substrates 81 and 82 were needed, the yield of a product was bad, and cost cost dearly, further. 
[0015] Therefore, it is ** high sensitivity and a high resolution, and two demands that the detection 
range had a high service temperature limitation in ** elevated-temperature side with the goodness of the 
property of being large were not able to be filled with the conventional piezoresistance change detection 
method sensor to coincidence. 

[0016] The place which this invention is made in view of the fault of the above-stated conventional 
example, and is made into the purpose is by carrying out dielectric separation of the piezoresistance and 
sensor moving part which consist of bulk silicon with a substrate with an oxide film to offer the 
piezoresistance change detection method sensor which fills two demands, the above-mentioned ** and 
**, to coincidence. 
[0017] 

[Means for Solving the Problem] The piezoresistance change detection method sensor of this invention 
is characterized by carrying out dielectric separation with the oxide film which was made to oxidize 
porosity silicon thermally and formed said piezoresistance which consists of bulk silicon, and said 
substrate. 

[0018] Moreover, the weight section may be formed in said sensor moving part in the above-mentioned 
piezoresistance change detection method sensor. Or one piece or two or more openings may be prepared 
for said sensor moving part. Furthermore, said sensor moving part may be closed. In that case, the 
interior of closure may be decompressed. 

[0019] Moreover, in the above-mentioned piezoresistance change detection method sensor, the 
conductive layer which consists of electrical conducting materials, such as a metal and doped polish 
recon, on both sides of a dielectric film may be formed in the top face of said piezoresistance, and this 
conductive layer may be made into a substrate and same electric potential. Or a thermal conductor layer 
with good thermal conductivity may be directly formed on said piezoresistance. 
[0020] Moreover, in the above-mentioned piezoresistance change detection method sensor, the stopper 
for restricting deformation of sensor moving part to said substrate may be formed. Furthermore, said 
piezoresistance may be prepared in the supporter which carries out elastic support of said sensor moving 
part, and the notching section or opening may be prepared in said supporter [ near the piezoresistance ]. 
[0021] Moreover, a resistance detector can be established in the above-mentioned piezoresistance 
change detection method sensor. In that case, said piezoresistance and resistance of the reverse 
temperature characteristic are prepared on said substrate, and you may make it make the property change 
by temperature compensate by constituting said a part of resistance detector from this resistance. Or 
offset resistance thru/or the resistance for sensitivity settling may be prepared on said substrate, and said 
a part of resistance detector may consist of this offset resistance thru/or resistance for sensitivity settling. 

[0022] Furthermore, two or more sensor moving part and two or more piezoresistances may be prepared 
in said substrate. 

[0023] Moreover, the module of this invention is characterized by combining exoergic components like 

Power IC, and the above-mentioned piezoresistance change detection method sensor. 

[0024] Moreover, the device with an oscillating detection function of this invention is characterized by 

attaching the above-mentioned piezoresistance change detection method sensor in devices, such as a 

prime mover, a motor, a generator, a disk brake, and a machining machine. 

[0025] Moreover, the physical quantity detection equipment of the boiler of this invention is 

characterized by making it make a boiler detect physical quantity, such as vibration of direct installation 

and a boiler and a pressure, for the above-mentioned piezoresistance change detection method sensor. 

[0026] Moreover, the physical quantity detection equipment for gases of this invention is attached in 

tubing with which elevated-temperature gases, such as a steam, pass the above-mentioned 

piezoresistance change detection method sensor, and is characterized by making it make physical 
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quantity, such as a pressure of an elevated-temperature gas, and the rate of flow, detect. 

[0027] Moreover, the abnormal-condition detection equipment of this invention is characterized by 

having a signal-processing means to detect abnormalities by performing fuzzy processing to the 

detecting signal of the above-mentioned piezoresistance change detection method sensor and said 

sensor. 

[0028] 

[Function] If it is in the piezoresistance change detection method sensor of this invention, since 
dielectric separation of the piezoresistance and substrate which consist of bulk silicon is carried out with 
the oxide film, leakage current does not flow between a piezoresistance and a substrate and the use 
under hot environments is attained by even elevated temperature about 150 degrees C or more. 
Moreover, if it is in this invention, since the insulator layer for dielectric separation is formed by making 
porosity silicon oxidize thermally, after embedding a piezoresistance at sensor moving part thru/or its 
supporting section, the field of the perimeter is formed into porosity silicon, by oxidizing thermally 
further, an oxide film can be formed and dielectric separation of a piezoresistance and the substrate can 
be carried out. Therefore, using two substrates, a piezoresistance is piled up with the substrate of another 
side on the oxide film of one substrate, and the gage factor of a piezoresistance does not fall in a 
production process like the conventional example which forms a piezoresistance on an oxide film with 
web thinning. Consequently, the sensibility and resolution which are the advantage of bulk silicon 
resistance are high, and the advantage in which the detection range is wide can be employed efficiently. 
Consequently, the detection range large at ** high sensitivity and a high resolution in which the 
elevated-temperature use beyond **150 degree C is possible, and the piezoresistance change detection 
method sensor which has the good temperature characteristic are realizable. 
[0029] Moreover, since two substrates are not needed like the conventional piezoresistance change 
detection method sensor shown in drawing 24 but it can produce from one substrate, cost can also be 
made cheap. 

[0030] Moreover, in this piezoresistance change detection method sensor, if the weight section is formed 
in sensor moving part, the sensibility to the detection physical quantity of a low input level can be 
raised. 

[003 1] Furthermore, if one piece or two or more openings are prepared for sensor moving part, sensor 
sensibility can be raised by mitigating the air resistance at the time of deformation of sensor moving 
part. 

[0032] Moreover, if said sensor moving part is closed, sensor moving part can be intercepted with a 
contamination ambient atmosphere, and a resistance to environment will improve. In that case, if the 
interior of closure is decompressed, air resistance will decrease and sensor sensibility will improve. 
[0033] moreover — if a conductive layer is formed in the top face of a piezoresistance and this 
conductive layer is made into a substrate and same electric potential — electromagnetism — a noise — 
winning popularity — being hard — the S/N ratio of a piezoresistance change detection method sensor 
improves. 

[0034] Or if the thermal conductor layer is directly formed on the piezoresistance, since the temperature 
inclination in a piezoresistance will become small, the resistance output error from a piezoresistance can 
be made small. 

[0035] Moreover, if the stopper for restricting deformation of sensor moving part to a substrate is 
formed, breakage by the fault serious grade of sensor moving part can be prevented. 
[0036] Furthermore, if the notching section or opening is prepared in the supporter which carries out 
elastic support of the sensor moving part, stress concentration will occur in the notching section or 
opening, as a result, the distortion of a supporter to the same input will become large, and sensor 
sensibility will improve. 

[0037] Moreover, if the resistance detector for detecting the resistance of a piezoresistance is prepared 
on a substrate, a resistance detector is not needed separately but a piezoresistance change detection 
method sensor also including a resistance detector can be packed into a compact. Furthermore, if a 
piezoresistance and the resistance for temperature compensation of the reverse temperature 
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characteristic are included in the resistance detector, the output change of a piezoresistance and the 
output change of the resistance for temperature compensation accompanying a temperature change can 
be made to be able to offset mutually, and the detection error by the temperature change can be made 
small. Or if offset resistance thru/or the resistance for sensitivity settling are prepared in the resistance 
detector, the offset value and detection sensitivity of a resistance detector can be adjusted. 
[0038] Moreover, if two or more sensor moving part and two or more piezoresistances are prepared in 
the same substrate and the sensibility field of each sensor nfoving part is changed little by little, a 
sensibility field can be broadband-ized by making the sensibility of each sensor moving part 
superimpose. 

[0039] Moreover, since the piezoresistance change detection method sensor of this invention has the 
above advantages, it can be used for the bottom of the hot environments in the module containing 
exoergic components like Power IC, a boiler, and tubing with which an elevated-temperature gas flows 
etc., and can detect high sensitivity also under such hot environments. 

[0040] Moreover, vibration is detectable by high sensitivity by attaching in devices, such as a prime 
mover, a motor, a generator, a disk brake, and a machining machine, and further, if abnormalities are 
detected by performing fuzzy processing for this detecting signal in the signal-processing section, 
malfunction detection equipment usable also under hot environments can be obtained by high 
sensitivity. 
[0041] 

[Example] Drawing 1 is the perspective view showing acceleration-sensor A of the piezoresistance 
change detection method by one example of this invention fractured in part. 1 is a p-Si substrate and the 
rectangle-like crevice 2 is cut in the top face of the Si substrate 1. n — The sensor moving part 3 which 
consists of bulk Si is dedicated in the crevice 2 in the condition of having floated in the air, and is 
supported by the Si substrate 1 by two level beams 4. Therefore, if the sensor moving part 3 senses and 
displaces acceleration, vibration, an impact, etc., a beam 4 will carry out elastic deformation. The 
piezoresistance 5 which consists of p+-bulk Si is formed in the surface of a beam 4, and the deformation 
amount of a beam 4 is detected as resistance change of a piezoresistance 5. Therefore, the acceleration 
which joins the sensor moving part 3 by the change in resistance of a piezoresistance 5, vibration, an 
impact, etc. are detected. 

[0042] Moreover, dielectric separation of the sensor moving part 3, a beam 4, and a piezoresistance 5 
and the Si substrate 1 is carried out by the dielectric detached core. That is, the dielectric detached core 6 
which consists of air (dielectric) is formed in the space between the sensor moving part 3 and a beam 4, 
and the Si substrate 1 (crevice 2 inside). Furthermore, the dielectric detached core 7 which the field 
which is supporting the beam 4 of the edge of a crevice 2 becomes from the silicon oxide (Si02) film is 
formed. Therefore, the sensor moving part 3 has structure which had the end face section of a beam 4 
supported by the dielectric detached core 7 embedded in the Si substrate 1, dielectric separation of the 
sensor moving part 3 and the beam 4 is completely carried out from the Si substrate 1, and even an 
elevated temperature 150 degrees C or more does not have a possibility that leakage current may flow 
between a piezoresistance 5 and the Si substrate 1 . 

[0043] Furthermore, the Si substrate 1, the sensor moving part 3, the beam 4, and the front face of a 
piezoresistance 5 are covered with the passivation film 8 which consists of silicon nitride (SiN), and the 
metal wiring 9 of aluminum formed on the passivation film 8 is electrically connected to the passivation 
film 8 to the both ends of a piezoresistance 5 through the contact hole 10 which carried out opening. In 
addition, the passivation film which consists of SiN further may be formed on this. 
[0044] Below, the manufacture approach of the above-mentioned acceleration-sensor A is explained. 
The manufacture approach of this acceleration-sensor A (the structure of metal wiring differs from the 
acceleration sensor of drawing 1 a little.) is shown in drawing 2 (a) - (i), and the manufacture approach 
concerned is explained according to drawing 2 (a) - (i) below. In the sensor formation field for one piece 
of the p-Si substrate (silicon wafer) 1 As shown in drawing 2 (a), carry out the ion implantation of the p 
mold ion to the field which is going to form the dielectric detached cores 6 and 7 of the front face of the 
Si substrate 1, and the p+ field 1 1 is formed in it. The ion implantation of the p mold ion is carried out to 
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the field which is going to carry out the ion implantation of the n mold ion to the field which is going to 
form the sensor moving part 3 and the beam 4 in this p+ field 1 1, is going to form the n+ field 12 in it, 
and is going to form the piezoresistance 5 in the n+ field 12 in it further, and the p+ field 13 is formed in 
it. Moreover, the rear face of the Si substrate 1 is made to diffuse p mold dopant, and the p++ layer 14 is 
formed in it. Here, the p++ layer 14 turns into a rear-face side contact layer at the time of porosity Si 
formation. 

[0045] subsequently, it is shown in drawing 2 (b) -- as - the front face of the Si substrate 1 - LPCVD - 
by making SiN deposit by law (low voltage CVD method), the passivation film 8 is formed and opening 
of the aperture 15 is carried out to a part of part which touches the p+ field 1 1 of the passivation film 8 
concerned. In addition, SiN deposited on the inferior surface of tongue of the Si substrate 1 at this time 
is removed. 

[0046] Then, if the Si substrate 1 is immersed in HF (hydrogen fluoride) water solution and a current is 
passed between the p++ layer 14 of the Si substrate 1, and a counterelectrode (not shown) in HF water 
solution, as shown in drawing 2 (c), the p+ field 1 1 will change to porosity Si field 16A. Under the 
present circumstances, although a current flows from the p++ layer 14 used as a rear-face contact layer 
in the p+ field 1 1 which the part has exposed and it changes to porosity Si field 16A, since the p+ field 
13 which is a piezoresistance 5 is covered by the passivation film (LPCVD-SiN) 8 and it does not 
become the path of a current of flowing in HF water solution from the p++ layer 14 on the back, it does 
not porosity-ize. Moreover, since the current density which flows to the field porosity-ized at this time, 
and the consistency of porosity Si field 16A have the relation of a profile inverse proportion, they use 
this phenomenon and form high density porosity Si field 17A in the opposite side the exposure side of 
the p+ field 11. Therefore, only the p+ field 1 1 is set to porosity Si field 16A or high density porosity Si 
field 17 A. If the Si substrate 1 is made to oxidize thermally after forming porosity Si field 16A and high 
density porosity Si field 17A, as shown in drawing 2 (d), porosity Si field 16A currently embedded at 
the Si substrate 1 will change to Si02 field 16B, and high density porosity Si field 17A will be set to 
high density Si02 field 1 7B. 

[0047] Subsequently, in the both ends of a piezoresistance 5 (p+ field 13), while forming the metal 
wiring 9 of a predetermined pattern by aluminum on the passivation film 8 as are shown in drawing 2 
(e), and opening of the contact hole 10 is carried out to the passivation film 8 and it is shown in drawing 
2 (f), the metal wiring 9 and a piezoresistance 5 are electrically connected through a contact hole 10. 
furthermore, it is shown in drawing 2 (g) - as ~ the plasma CVD (PECVD) from this top - by making 
SiN deposit by law, the passivation film 18 for metal wiring protection is formed, opening of the contact 
hole 19 is carried out in the part which carries out patterning of the passivation film 18, and serves as an 
electrode pad of the metal wiring 9, and the passivation film 18 is calcinated. 

[0048] Then, with the resist film 20, with a wrap, opening of the aperture 21 is carried out to the resist 
film 20 in the location which counters the whole with Si02 field 16B, and the edge of Si02 field 16B is 
exposed, subsequently, HF water solution, HF+NH4F water solution, etc. - using - BOE (buffer oxide 
etching) ~ while carrying out etching removal of the Si02 field 1 6B by law and forming the dielectric 
detached core 6 by the space after etching removal, the sensor moving part 3 and a beam 4 are formed 
by the n+ field 12 which remained. Moreover, the dielectric detached core 7 is formed by high density 
Si02 field 17B which it left, without etching. Since high density Si02 field 17B has the low etching rate 
as compared with other fields at this time, the permission width of face of etching time becomes large to 
the precision of a fixed etching distance, and it can make small configuration variation of the sensor 
moving part 3 by BOE etching. 

[0049] According to this manufacture approach, by combining the porosity silicon formation process in 
HF water solution, a porosity Si oxidization process, and an oxidization Si etching process The dielectric 
detached cores 6 and 7 which become the Si substrate 1 from piezoresistance [ of bulk Si ] 5, sensor 
moving-part 3, space, and high density Si02 film 17B can be formed. By the possibility of the elevated- 
temperature use beyond **150 degree C and ** high sensitivity, and the high resolution Acceleration- 
sensor A of a piezoresistance change detection method with the large detection range and the good 
temperature characteristic is producible. 
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[0050] Moreover, since the dielectric detached cores 6 and 7 are formed by forming a piezoresistance 5 
in a beam 4, oxidizing the porosity Si fields 16A and 17A, and etching a part according to this 
manufacture approach, the factor which makes a gage factor small does not exist like the approach of 
forming a piezoresistance 5 according to the conventional web thinning process. Therefore, the gage 
factor of a piezoresistance 5 can be enlarged, it is high sensitivity and a high resolution, and the good 
property that the detection range is wide can be acquired. Moreover, two Si substrates are not needed 
like the conventional example, but since processes, such as the junction, web thinning, etc., are also 
unnecessary, cost can be made cheap. 

[0051] What is shown in drawing 3 is the sectional view showing acceleration-sensor B by another 
example of this invention. If it is in this acceleration-sensor B, the weight section 26 which consists of a 
metal, polish recon, bulk silicon, a dielectric, etc. is separately formed on the sensor moving part 3 from 
on the passivation film 18, and the front face of the weight section 26 is further covered with the 
passivation film 27. If the weight section 26 is prepared for the sensor moving part 3 like this example, 
since the sensor moving part 3 will become easy to vibrate, the sensor sensibility to small acceleration 
can be raised. 

[0052] What is shown in drawing 4 is the sectional view showing acceleration-sensor C by still more 
nearly another example of this invention. If it is in this acceleration-sensor C, thickness of the sensor 
moving part 3 is made larger than the thickness of a beam 4, and the weight section 26 of bulk silicon is 
formed in the inferior surface of tongue of the sensor moving part 3 at one. Even if it is in this example, 
the sensor sensibility to small acceleration can be raised by having formed the weight section 26. 
[0053] What is shown in drawing 5 is the sectional view showing acceleration-sensor D by still more 
nearly another example of this invention. If it is in this acceleration-sensor D, one piece or two or more 
openings 28 which are penetrated up and down on the sensor moving part 3 and the passivation film 8 
and 18 are prepared. Thus, by forming the opening 28 penetrated to the sensor moving part 3, air 
resistance in case the sensor moving part 3 displaces can be mitigated, and the fall of the sensor 
sensibility by air resistance can be prevented. That is, sensor sensibility can be raised. 
[0054] What is shown in drawing 6 is the sectional view showing acceleration-sensor E by still more 
nearly another example of this invention. If it is in this acceleration-sensor E, the upper part of the 
sensor moving part 3 thru/or the whole crevice 2 is covered with the film 29 for the closures which 
consists of SiN, and the space 30 in which the sensor moving part 3 is located is closed. Moreover, 
space 30 is formed also between the top face of the sensor moving part 3, and the film 29 for the 
closures so that the variation rate of the sensor moving part 3 may not be barred with the film 29 for the 
closures. Even when the sensor moving part 3 does not contact the external world but uses it in a 
contamination ambient atmosphere since the closure of the sensor moving part 3 is carried out with the 
film 29 for the closures if it is in this acceleration sensor, contamination of the sensor moving part 3 can 
be prevented. 

[0055] This film for the closures can be formed using the following silicon processing processes, 
namely, the field of the sensor moving part 3 after producing the acceleration sensor of structure like 
drawing 1 , a beam 4, and its perimeter - a wrap ~ the sacrifice layer (not shown) which makes it like 
and consists of glass ingredients, such as PSG, — forming — a sacrifice layer top — PECVD — the film 
29 for the closures which consists of SiN by law is formed, then, opening of the film 29 for the closures 
which carried out opening of the film 29 for the closures in part, formed space 30 in the film 29 for the 
closures by removing a sacrifice layer from this opening by etching, and was opened previously - 
PECVD - SiN made to deposit by law closes. 

[0056] What is shown in drawing 7 is the sectional view showing acceleration-sensor F by still more 
nearly another example of this invention. The upper part of the sensor moving part 3 is covered with the 
film 29 for the closures which consists of polish recon or SiN, and while closing the sensor moving part 
3 with the film 29 for the closures, that closure space 3 1 is made to decompress, if it is in this 
acceleration-sensor F. If it is in this acceleration-sensor F, while being able to prevent contamination of 
the sensor moving part 3, sensor sensibility can be raised by reducing the air resistance of the sensor 
moving part 3. 
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[0057] After this film 29 for the closures forms the sacrifice layer (not shown) which consists of glass 
ingredients, such as PSG, The film 29 for the closures which consists of polish recon or SiN by law is 
formed, a sacrifice layer top — LPCVD — opening of the film 29 for the closures which formed the 
closure space 3 1 and opened it previously by carrying out opening of the film 29 for the closures in part, 
and carrying out etching removal of the sacrifice layer — LECVD — the polish recon made to deposit by 
law or SiN closes. Since acceleration-sensor F is in LP (low voltage) CVD system in case opening is 
closed, the closure space 3 1 in the film 29 for the closures is decompressed. 

[0058] Drawing 8 (a) and (b) are the explanatory views showing a part of beam 4 which prepared the 
sectional view and piezoresistance 5 which show acceleration-sensor G by still more nearly another 
example of this invention, and which were fractured in part. If it is in this acceleration-sensor G, the 
conductive layer 32 which consists the field in which the piezoresistance 5 is formed of electrical 
conducting materials, such as a metal from the passivation film (dielectric film) 18 and doped polish 
recon, was formed, and the top face of a conductive layer 32 is further covered with the passivation film 
(dielectric film) 33. Furthermore, it is made to have joined to the Si substrate 1 electrically from the 
KONTOKUTO hole 35 which carried out opening of the tip of drawer Rhine 34 to the passivation film 
18, and this conductive layer 32 makes the conductive layer 32 the Si substrate 1 and same electric 
potential (or touch-down potential), if it is in this acceleration-sensor G, since the conductive layer 32 
into which the vertical side was inserted with the PASSHIBESHON film 33 and 1 8 is formed on the 
piezoresistance 5 — this conductive layer 32 — electromagnetism ~ a noise — it can shield ~ the 
electromagnetism from the outside - a noise - winning popularity - hard - becoming - 
electromagnetism — it becomes strong in a noise. 

[0059] Drawing 9 (a) and (b) are the explanatory views showing a part of beam 4 which prepared the 
sectional view and piezoresistance 5 which show acceleration-sensor H by still more nearly another 
example of this invention, and which were fractured in part. If it is in this acceleration-sensor H, as the 
top face of a piezoresistance 5 is made to contact directly, the thermal conductor layer 36 is formed in it. 
In a piezoresistance 5, if the variation in a temperature inclination or temperature is in each part, since an 
error will arise in a resistance output, by forming the thermal conductor layer 36 in the whole, the 
temperature inclination thru/or temperature variation in a piezoresistance 5 is made small, and a 
resistance output error can be made small. Therefore, the precision of acceleration-sensor H can be 
raised. As a thermal conductor layer 36, a metal layer with conductivity small (that is, resistivity is big), 
for example can be used. By using a metal layer, high thermal conductivity can be obtained and the 
resistance output error by the electric short circuit of piezoresistance 5 each part can also be prevented 
by moreover using a metal layer with small conductivity. 

[0060] Drawing 10 is the sectional view showing acceleration-sensor J by still more nearly another 
example of this invention. In this acceleration-sensor J, in a part for the point of the sensor moving part 
3, and the location which counters, as it was made to project from the Si substrate 1 to the crevice 2 
upper part, the stopper 37 is formed in Si substrate 1 top face. A stopper 37 may be formed in one center 
section, may be formed in two both sides, or may be formed three or more pieces. Thus, since the sensor 
moving part 3 has deformation beyond it restricted by hitting a stopper 37 if the stopper 37 is formed in 
the Si substrate 1 when the sensor moving part 3 deforms greatly, the deformation of the sensor moving 
part 3 is restricted and it can prevent that the sensor moving part 3 thru/or a beam 4 are damaged 
according to excessive deformation. 

[0061] What is shown in drawing 1 1 is drawing expanding and showing a part of beam 4 of the 
acceleration sensor by still more nearly another example of this invention. If it is in this example, the 
notching sections (notch) 38, such as the shape of the shape of V character and radii, are formed in the 
both sides of a part in which the piezoresistance 5 of a beam 4 is formed. Thus, a beam 4 can be made to 
generate stress concentration in the notching section 38 by forming the notching section 38 in a beam 4 
[ near the piezoresistance 5 ]. For this reason, as compared with a thing without the notching section 38, 
distortion of a beam 4 becomes large to the magnitude of the same acceleration, and the sensibility of an 
acceleration sensor improves. 

[0062] Moreover, a beam 4 is made to generate stress concentration [ near the piezoresistance 5 ], and in 
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order to enlarge distortion of a beam 4 and to raise sensor sensibility, as shown in drawing 12 , a through 
tube 39 and a hollow may be prepared in a beam 4 [ near the piezoresistance 5 ]. 
[0063] What is shown in drawing 13 is drawing showing a part of acceleration-sensor K by still more 
nearly another example of this invention. In this example, the piezoresistance 5 is formed in the front 
face of the beam 4 which is supporting the sensor moving part 3, and the resistance 41 for constituting 
the resistance detector 40 with a piezoresistance 5 is formed in the front face of the Si substrate 1. 
Therefore, although, as for a piezoresistance 5, the resistance Rp of a piezoresistance 5 will change in 
connection with it if a beam 4 is distorted with the variation rate of the sensor moving part 3, resistance 
41 is the constant resistance from which resistance R does not change depending on distortion of a beam 
4. These piezoresistances 5 and resistance 41 have a bridge circuit as shown in drawing 14 with the 
circuit pattern on the Si substrate 1 constituted. In the resistance detector 40 which consists of this 
bridge circuit, constant current I is supplied between an input terminal 42 and 43, and the change in 
resistance of a piezoresistance 5 can be detected by detecting an output terminal 44 and the electrical 
potential difference V between 45. 

[0064] Drawing 15 is drawing showing the other examples of a resistance detector, by four 
piezoresistances 5 formed on the beam 4, constitutes a bridge circuit and is inserting the resistance 46 
for temperature compensation in a serial at each piezoresistance 5, respectively. This resistance 46 for 
temperature compensation is formed in the front face of the Si substrate 1 so that it may not be 
influenced according to deformation of a beam 4. And the resistance 46 for temperature compensation 
has a piezoresistance 5 and the reverse temperature characteristic (that is, the positive/negative of a 
temperature coefficient of variation is reverse), and when a piezoresistance 5 does not receive resistance 
change by distortion of a beam 4, even if temperature changes, sum Rp+Rc of the resistance Rp of a 
piezoresistance 5 and the resistance Rc of the resistance 46 for temperature compensation is kept almost 
constant. According to this resistance detector 47, only the change in resistance by distortion of a beam 
4 can be detected, and it is hard coming to win popularity the effect of a temperature change. 
[0065] Drawing 16 is drawing of a resistance detector showing other examples further, with the serial 
object of four piezoresistances 5 and resistance 48 for sensitivity settling, constitutes a bridge circuit and 
is inserting the resistance 49 for offset adjustment in any one branching. This resistance 48 for 
sensitivity settling and the resistance 49 for offset adjustment are formed in the front face of the Si , 
substrate 1, and are variable resistance so that it may not be influenced according to deformation of a 
beam 4. According to this resistance detector 50, the sensibility of the resistance detector 50 can be 
adjusted by adjusting each resistance 48 for sensitivity settling. Moreover, by adjusting the resistance 49 
for offset adjustment, when distortion of a beam 4 is 0, the amount of offset can be adjusted so that an 
output may be set to 0. 

[0066] Drawing 17 is the top view showing acceleration-sensor L by still more nearly another example 
of this invention. In this acceleration-sensor L, two or more sensor moving part 3a-3e is arranged in the 
shape of an array to the Si substrate 1, and the piezoresistance 5 is formed in the beam 4 which supports 
each sensor moving part 3. Each sensor moving part 3a-3e has the sensibility to vibration of a different 
frequency. For example, each sensor moving part 3a-3e has sensibility which is expressed with the 
sensitivity curve of S1-S5 shown in drawing 18 . The output of the piezoresistance 5 prepared for such 
sensor moving part 3a-3e is superimposed and outputted, consequently as a continuous line shows the 
sensibility of the whole acceleration sensor to drawing 18 , the band of a sensitivity curve becomes 
large. 

[0067] In addition, in the above-mentioned example, although the case of the acceleration sensor for 
detecting vibration and an impact was explained, it cannot be overemphasized that the piezoresistance 
change detection method sensor of this invention can be used as the sensor for detecting pressures other 
than acceleration and the physical quantity of the rate of flow and others, either. 
[0068] It is the module M by still more nearly another example of this invention which is shown in 
drawing 19 . That is, it is the modules M, such as set components which unified the electrical and 
electric equipment, electronic parts, etc., and passive circuit elements which carried the electrical and 
electric equipment, electronic parts, etc. in the circuit board etc., and the piezoresistance change 
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detection method sensor 52 applied to this invention with the big device 51 of generation of heat, such 
as Power IC, is dedicated in this. Thus, since it will be equal also to elevated-temperature use of about 
150 degrees C or more if the piezoresistance change detection method sensor 52 of this invention is used 
even when it really constitutes the piezoresistance change detection method sensor 52 as a module with 
the big device 51 of generation of heat, with the heat emitted from the big device 51 of generation of 
heat, a possibility that the piezoresistance change detection method sensor 52 may break down can be 
made small, and the dependability of Module M can be raised. 

[0069] It is the device N with an oscillating detection function by still more nearly another example of 
this invention which is shown in drawing 20 , and it has attached the acceleration sensor 53 of the 
piezoresistance change detection method concerning this invention in the devices 54, such as a prime 
mover, a motor, a generator, disk breaking, and a machining machine. Although an installation location 
has a suitable location chosen according to the class of device 54, it is good to attach near the pad of 
disk breaking [ **** /, and / attaching to the exterior of a generator direct picking ], near the edge of a 
blade of a machining machine, etc. [ attaching in the exterior and the interior of a prime mover or a 
motor directly, for example ] When vibration of these devices can be detected with sufficient sensibility 
and a shimmy occurs by using the acceleration sensor 53 of this invention for these devices, it can detect 
immediately. And since the operating critical temperature is high, also with the heat of these devices 54, 
an acceleration sensor 53 cannot break down easily and the dependability of these devices 54 also 
improves. 

[0070] What is shown in drawing 21 is the schematic diagram showing the boiler pressure detection 
equipment P by still more nearly another example of this invention, and has attached in the boiler 56 the 
pressure sensor 55 (for example, thing which detects the distortion of a diaphragm displaced by change 
of a pressure) of the piezoresistance change detection method concerning this invention. The steam of 
the boiler 56 interior is touched, or the steam of the boiler 56 interior is led to the pressure sensor 55, 
and the pressure sensor 55 can be made to carry out direct measurement of the boiler vapor pressure 
with a pressure sensor 55. Since the pressure sensor 55 of this invention also bears an elevated 
temperature 150 degrees C or more, it can use also for an application like a boiler 56. Moreover, you 
may make it detect not the pressure sensor 55 but an acceleration sensor for the shimmy of direct 
installation and a boiler 56 etc. on a boiler 56 as a sensor. 

[0071] It is still more nearly another example of this invention which is shown in drawing 22 , and it is 
drawing showing the physical quantity detection equipment Q for elevated-temperature gases. In this 
example, the piezoresistance change detection method sensor 52 is attached in the outside of the tubing 
57 which elevated-temperature gases, such as a steam, pass, and the piezoresistance change detection 
method sensor 52 is contacted into the elevated-temperature gas in tubing 57. Or the piezoresistance 
change detection method sensor 52 may be attached direct picking in tubing 57. And physical quantity, 
such as a pressure of an elevated-temperature gas, and the rate of flow, temperature, is detectable by this 
piezoresistance change detection method sensor 52. By using the piezoresistance change detection 
method sensor 52 of this invention also in this case, it becomes possible to detect physical quantity of an 
elevated-temperature gas 150 degrees C or more with sufficient sensibility. Moreover, since direct 
measurement becomes possible, without using the side duct which makes an elevated-temperature gas 
bypass for physical quantity measurement, a measurement error can be made small. 
[0072] What is shown in drawing 23 is the schematic diagram showing the abnormal-condition 
detection equipment R by still more nearly another example of this invention. In this example, it has 
inputted into the signal-processing section 59, after attaching the piezoresistance change detection 
method sensor 52 in the devices 54, such as a prime mover, a motor, a generator, a machining machine, 
and a disk brake, and amplifying the output of the piezoresistance change detection method sensor 52 
with amplifier 58. By performing fuzzy processing to the detecting signal of the piezoresistance change 
detection method sensor 52, the signal-processing section 59 is performing signal processing and 
decision, supervises the existence of the abnormalities of a device 54, and if it judges that abnormalities 
have occurred to the device 54, it will carry out feedback control of the device 54 so that a control signal 
may be outputted to a device 54 and abnormalities may be settled. Or the alarm thru/or warning which 
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tells abnormalities is outputted to the exterior from the signal-processing section 59. 
[0073] If this abnormal-condition detection equipment R is explained concretely, as for the 
piezoresistance change detection method sensor 52 (for example, acceleration sensor), knocking of a 
prime mover will be detected as it is the case where a device 54 is a prime mover, for example. If the 
piezoresistance change detection method sensor 52 detects knocking, the signal-processing section will 
perform fuzzy processing to this detecting signal, and will avoid a knocking condition by outputting 
feedback signals, such as ignition timing modification. 

[0074] Or when a device 54 is a diesel-type prime mover, the piezoresistance change detection method 
sensor 52 detects the scrap sound of a device 54, and when fuzzy processing is performed to this 
detecting signal and too much scrap sound is detected, the signal-processing section carries out feedback 
control of the prime mover so that a control signal may be outputted to a prime mover from the signal- 
processing section 59 and SUKURAPPINGU may be controlled. 

[0075] Moreover, when a device 54 is a disk brake, the piezoresistance change detection method sensor 
52 detects vibration of a disk brake, by performing fuzzy processing to this detecting signal, wear of a 
disk or a brake friction pad is detected, and an alarm signal can be outputted. 
[0076] Moreover, when a device 54 is a machining machine, the piezoresistance change detection 
method sensor 52 attached near [ the ] the edge of a blade detects vibration etc., a control signal is 
outputted to a machining machine and tool exchange is made to detect the shimmy by the deficit of the 
edge of a blade, wear, etc., and to perform automatically, when the signal-processing section 59 
performs fuzzy processing to the detecting signal. Or you may make it output warning. 
[0077] Moreover, when a device 54 is a boiler, the abnormal combustion in a boiler can be detected by 
carrying out fuzzy processing of the detecting signal from the piezoresistance change detection method 
sensor 52 attached in the boiler in the signal-processing section 59. And if abnormal combustion is 
detected, a control signal can be outputted to a boiler so that it may become the amount of proper 
combustion, or warning can be outputted. 

[0078] Moreover, when a device 54 is the device 54 which has tubing with which an elevated- 
temperature gas flows, fuzzy processing of the detecting signal from the piezoresistance change 
detection method sensor 52 attached in tubing is carried out in the signal-processing section 59, and it 
supervises whether the flow rate and pressure of an elevated-temperature gas in tubing have separated 
from the proper value. And detection of having separated from the proper value outputs a control signal 
to a device 54 so that it may become desired value. 
[0079] 

[Effect of the Invention] Since dielectric separation of the piezoresistance and substrate which consist of 
bulk silicon is carried out with the oxide film according to this invention, leakage current does not flow 
between a piezoresistance and a substrate and the use under hot environments is attained by even 
elevated temperature about 150 degrees C or more. And since dielectric separation is carried out by the 
insulator layer which made porosity silicon oxidize thermally, the gage factor of a piezoresistance does 
not fall in a production process. Consequently, the sensibility and resolution which are the advantage of 
bulk silicon resistance are high, and the advantage in which the detection range is wide can be employed 
efficiently. Consequently, the detection range large at ** high sensitivity and a high resolution in which 
the elevated-temperature use beyond **150 degree C is possible, and the piezoresistance change 
detection method sensor which has the good temperature characteristic are realizable. 
[0080] Moreover, since two substrates are not needed but it can produce from one substrate, cost can 
also be made cheap. 

[0081] In addition, there are the respectively following advantages in the following sensors! In this 

piezoresistance change detection method sensor, if the weight section is formed in sensor moving part, 

the sensibility to the detection physical quantity of a low input level can be raised. 

[0082] Furthermore, if one piece or two or more openings are prepared for sensor moving part, sensor 

sensibility can be raised by mitigating the air resistance at the time of deformation of sensor moving 

part. 

[0083] Moreover, if said sensor moving part is closed, sensor moving part can be intercepted with a 
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contamination ambient atmosphere, and a resistance to environment will improve. In that case, if the 
interior of closure is decompressed, air resistance will decrease and sensor sensibility will improve. 
[0084] moreover - if a conductive layer is formed in the top face of a piezoresistance and this 
conductive layer is made into a substrate and same electric potential - electromagnetism ~ a noise - 
winning popularity - being hard -- the S/N ratio of a piezoresistance change detection method sensor 
improves. 

[0085] Or if the thermal conductor layer is directly formed on the piezoresistance, since the temperature 
inclination in a piezoresistance will become small, the resistance output error from a piezoresistance can 
be made small. 

[0086] Moreover, if the stopper for restricting deformation of sensor moving part to a substrate is 
formed, breakage by the fault serious grade of sensor moving part can be prevented. 
[0087] Furthermore, if the notching section or opening is prepared in the supporter which carries out 
elastic support of the sensor moving part, stress concentration will occur in the notching section or 
opening, as a result, the distortion of a supporter to the same input will become large, and sensor 
sensibility will improve. 

[0088] Moreover, if the resistance detector for detecting the resistance of a piezoresistance is prepared 
on a substrate, a resistance detector is not needed separately but a piezoresistance change detection 
method sensor also including a resistance detector can be packed into a compact. Furthermore, if a 
piezoresistance and the resistance for temperature compensation of the reverse temperature 
characteristic are included in the resistance detector, the output change of a piezoresistance and the 
output change of the resistance for temperature compensation accompanying a temperature change can 
be made to be able to offset mutually, and the detection error by the temperature change can be made 
small. Or if offset resistance thru/or the resistance for sensitivity settling are prepared in the resistance 
detector, the offset value and detection sensitivity of a resistance detector can be adjusted. 
[0089] Moreover, if two or more sensor moving part and two or more piezoresistances are prepared in 
the same substrate and the sensibility field of each sensor moving part is changed little by little, a 
sensibility field can be broadband-ized by making the sensibility of each sensor moving part 
superimpose. 

[0090] Moreover, since the piezoresistance change detection method sensor of this invention has the 
above advantages, it can be used for the bottom of the hot environments in the module containing 
exoergic components like Power IC, a boiler, and tubing with which an elevated-temperature gas flows 
etc., and can detect high sensitivity also under such hot environments. 

[0091] Moreover, vibration is detectable by high sensitivity by attaching in devices, such as a prime 
mover, a motor, a generator, a disk brake, and a machining machine, and further, if abnormalities are 
detected by performing fuzzy processing for this detecting signal in the signal-processing section, 
malfunction detection equipment usable also under hot environments can be obtained by high 
sensitivity. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] This invention relates to a piezoresistance change detection method sensor. It is 
related with the piezoresistance change detection method sensor applied as various sensors for detecting 
physical quantity, such as force, a pressure, acceleration, the rate of flow, and a tilt angle, especially. 
Furthermore, it is related with the module equipped with the piezoresistance change detection method 
sensor, a device with an oscillating detection function, the physical quantity detection equipment of a 
boiler, the physical quantity detection equipment for gases, and abnormal-condition detection 
equipment. 
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PRIOR ART 



[Description of the Prior Art] It is divided roughly into what used polish recon for electrical resistance 
materials, and the thing which used bulk silicon when the conventional piezoresistance change detection 
method sensor is seen from the point of the quality of the material of a piezoresistance. 
[0003] (Piezoresistance change detection method sensor which used polish recon) If it is in the 
piezoresistance change detection method sensor which used polish recon as the quality of the material of 
a piezoresistance, since it is easy to form a detached core between a piezoresistance and a silicon 
substrate, and to carry out dielectric separation on the manufacture process, the piezoresistance by which 
dielectric separation was carried out with the silicon substrate is used. Therefore, by the sensor 
concerned, unless dielectric breakdown of a detached core occurs, between a silicon substrate and a 
piezoresistance, there is no possibility that a current may flow and even an elevated temperature 150 
degrees C or more can be used. That is, it has the advantage in which the service temperature limitation 
by the side of an elevated temperature is high. 

[0004] However, the piezoresistance (henceforth polish recon resistance) using polish recon has a small 
gage factor (resistance change to the amount of distortion comparatively) as compared with the 
piezoresistance (henceforth bulk silicon resistance) which used bulk silicon, and only about 1/5 
resistance change of bulk silicon resistance usually breaks out to the same amount of distortion. For this 
reason, when the same configuration and the piezoresistance change detection method sensor of a 
configuration were manufactured, sensibility and resolving power were inferior to the piezoresistance 
change detection method sensor which used bulk silicon resistance in the piezoresistance change 
detection method sensor using polish recon resistance. 

[0005] Moreover, since the destructive distortion of polish recon resistance was smaller than bulk silicon 
resistance, when the maximum distortion at the time of detection would be designed low and having 
been doubled with the lowness of detection sensitivity, there was a fault that the detection range of input 
physical quantity, such as a pressure and acceleration, will become narrow. 

[0006] Furthermore, as compared with bulk silicon resistance, polish recon resistance is one with a large 
(usually about 5 times of bulk silicon resistance) temperature coefficient of resistance (TCR), and its 
change in resistance by temperature is large. For this reason, the piezoresistance change detection 
method sensor using polish recon resistance had the bad temperature characteristic, and it was unstable 
to the temperature change. 

[0007] (Piezoresistance change detection method sensor which used bulk silicon) By the piezoresistance 
change detection method sensor which used bulk silicon, since sensibility and resolution are high since 
the gage factor of bulk silicon resistance is large as mentioned above as compared with polish recon 
resistance, and destructive distortion is also large, there is the advantage in which the detection range 
can be made large. Furthermore, since the temperature coefficient of resistance of bulk silicon resistance 
is small, the temperature characteristic is also good. 

[0008] however, by the piezoresistance change detection method sensor using bulk silicon resistance 
Are performing separation with bulk silicon resistance and a silicon substrate by p-n junction, and 
moreover, since the p mold of the property of piezoresistances, such as a gage factor, is better and it is . 
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common to maintain n layers of a silicon substrate to high potential Leakage current tended to flow on 
both sides of the detached core of p-n junction, and there was a fault with the as low service temperature 
limitation by the side of an elevated temperature as about 150 degrees C under hot environments (150 
degrees C or more). 

[0009] For this reason, a piezoresistance change detection method sensor which are ** high sensitivity 
and a high resolution, and fills to coincidence two demands that the detection range has a high service 
temperature limitation in ** elevated-temperature side with the goodness of the property of being large 
is desired. 

[0010] Then, in order to satisfy these two demands to coincidence, the manufacture approach as shown 
in drawing 24 is proposed. This manufacture approach is explained according to drawing 24 . It is two 
Si substrates (silicon wafer) 81 and 82 which are shown in drawing 24 (a), and by driving p mold ion, 
such as boron, into the inferior surface of tongue of one Si substrate 81, the p++ layer 83 used as a 
piezoresistance 85 is formed, and the oxide film (Si02 film) 84 is formed in the top face of the Si 
substrate 82 of another side. After joining the Si substrate 81 of each other in piles on this Si substrate 
82 ( drawing 24 (b)) and joining, etching removal of the upper Si substrate 81 is carried out using alkali 
etchant, such as KOH. At this time, as the p++ layer 83 remains on the Si substrate 82, without being 
etched since the etching rate is smaller than the Si substrate 81 and it is shown in drawing 24 (c), a 
piezoresistance 85 is formed on an oxide film 84. 

[001 1] Then, an SiN film is formed in the inferior surface of tongue of the Si substrate 82 with a low 
voltage CVD method, and the mask 86 for anisotropic etching is formed by carrying out patterning of 
the SiN film ( drawing 24 (d)). Moreover, a piezoresistance 85 is made to flow in the top face of the Si 
substrate 82, metal wiring 87 is given to it ( drawing 24 (e)), and the passivation film 88 is further 
formed in it with glass ingredients, such as PSG, ( drawing 24 (f)). Subsequently, the part exposed from 
the mask 86 is deleted to the thickness of a beam 89 by performing anisotropic etching to the Si 
substrate 82 from an inferior- surface-of-tongue side ( drawing 24 (g)). Furthermore, a beam 89 and the 
sensor moving part 90 are formed by leaving the part used as a beam 89 and carrying out opening of 
other parts for a thin-walled part by etching ( drawing 24 (h)). 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Since dielectric separation of the piezoresistance and substrate which consist of 
bulk silicon is carried out with the oxide film according to this invention, leakage current does not flow 
between a piezoresistance and a substrate and the use under hot environments is attained by even 
elevated temperature about 150 degrees C or more. And since dielectric separation is carried out by the 
insulator layer which made porosity silicon oxidize thermally, the gage factor of a piezoresistance does 
not fall in a production process. Consequently, the sensibility and resolution which are the advantage of 
bulk silicon resistance are high, and the advantage in which the detection range is wide can be employed 
efficiently. Consequently, the detection range large at ** high sensitivity and a high resolution in which 
the elevated-temperature use beyond ** 150 degree C is possible, and the piezoresistance change 
detection method sensor which has the good temperature characteristic are realizable. 
[0080] Moreover, since two substrates are not needed but it can produce from one substrate, cost can 
also be made cheap. I 

[0081] In addition, there are the respectively following advantages in the following sensors. In this 

piezoresistance change detection method sensor, if the weight section is formed in sensor moving part, 

the sensibility to the detection physical quantity of a low input level can be raised. 

[0082] Furthermore, if one piece or two or more openings are prepared for sensor moving part, sensor 

sensibility can be raised by mitigating the air resistance at the time of deformation of sensor moving 

part. 

[0083] Moreover, if said sensor moving part is closed, sensor moving part can be intercepted with a 
contamination ambient atmosphere, and a resistance to environment will improve. In that case, if the 
interior of closure is decompressed, air resistance will decrease and sensor sensibility will improve. 
[0084] moreover — if a conductive layer is formed in the top face of a piezoresistance and this 
conductive layer is made into a substrate and same electric potential — electromagnetism — a noise — 
winning popularity -- being hard - the S/N ratio of a piezoresistance change detection method sensor 
improves. 

[0085] Or if the thermal conductor layer is directly formed on the piezoresistance, since the temperature 
inclination in a piezoresistance will become small, the resistance output error from a piezoresistance can 
be made small. 

[0086] Moreover, if the stopper for restricting deformation of sensor moving part to a substrate is 
formed, breakage by the fault serious grade of sensor moving part can be prevented. 
[0087] Furthermore, if the notching section or opening is prepared in the supporter which carries out 
elastic support of the sensor moving part, stress concentration will occur in the notching section or 
opening, as a result, the distortion of a supporter to the same input will become large, and sensor 
sensibility will improve. 

[0088] Moreover, if the resistance detector for detecting the resistance of a piezoresistance is prepared 
on a substrate, a resistance detector is not needed separately but a piezoresistance change detection 
method sensor also including a resistance detector can be packed into a compact. Furthermore, if a 
piezoresistance and the resistance for temperature compensation of the reverse temperature 
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characteristic are included in the resistance detector, the output change of a piezoresistance and the 
output change of the resistance for temperature compensation accompanying a temperature change can 
be made to be able to offset mutually, and the detection error by the temperature change can be made 
small. Or if offset resistance thru/or the resistance for sensitivity settling are prepared in the resistance 
detector, the offset value and detection sensitivity of a resistance detector can be adjusted. 
[0089] Moreover, if two or more sensor moving part and two or more piezoresistances are prepared in 
the same substrate and the sensibility field of each sensor moving part is changed little by little, a 
sensibility field can be broadband-ized by making the sensibility of each sensor moving part 
superimpose. 

[0090] Moreover, since the piezoresistance change detection method sensor of this invention has the 
above advantages, it can be used for the bottom of the hot environments in the module containing 
exoergic components like Power IC, a boiler, and tubing with which an elevated-temperature gas flows 
etc., and can detect high sensitivity also under such hot environments. 

[0091] Moreover, vibration is detectable by high sensitivity by attaching in devices, such as a prime 
mover, a motor, a generator, a disk brake, and a machining machine, and further, if abnormalities are 
detected by performing fuzzy processing for this detecting signal in the signal-processing section, 
malfunction detection equipment usable also under hot environments can be obtained by high 
sensitivity. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] If it is in the acceleration sensor 91 manufactured as 
mentioned above, the piezoresistance 85 which separates with an oxide film 84 and consists of bulk 
silicon is formed in the top face of a beam 89. Therefore, it insulates with the oxide film 84, and a 
piezoresistance 85 and the Si substrate 82 do not have a fear of leakage current flowing between a 
piezoresistance 85 and the Si substrate 82, and become usable also in an elevated temperature 150 
degrees C or more. 

[0013] However, in order to make it only a piezoresistance 85 remain by predetermined thickness like 
drawing 24 (c) when etching the upper Si substrate 81 after joining two Si substrates 81 and 82, without 
a piezoresistance 85 being etched by alkali etchant, it is necessary to enlarge the ion injection rate to the 
p++ layer 83 (piezoresistance 85). However, when carried out that the ion injection rate to the p++ layer 
83 is enlarged, and it is hard to be etched, a gage factor was not able to be made not much high. 
Therefore, the advantage of bulk silicon resistance that the detection range is wide was not able to be 
efficiently employed by high sensitivity and the high resolution. 

[0014] Moreover, in order to obtain one acceleration sensor 91, two Si substrates 81 and 82 were 
needed, and there was a fault that the process which joins two Si substrates 81 and 82, and the process 
which carries out web thinning until it becomes the thickness for about one sheet about the joined Si 
substrates 81 and 82 were needed, the yield of a product was bad, and cost cost dearly, further. 
[0015] Therefore, it is ** high sensitivity and a high resolution, and two demands that the detection 
range had a high service temperature limitation in ** elevated-temperature side with the goodness of the 
property of being large were not able to be filled with the conventional piezoresistance change detection 
method sensor to coincidence. 

[0016] The place which this invention is made in view of the fault of the above-stated conventional 
example, and is made into the purpose is by carrying out dielectric separation of the piezoresistance and 
sensor moving part which consist of bulk silicon with a substrate with an oxide film to offer the 
piezoresistance change detection method sensor which fills two demands, the above-mentioned ** and 
**, to coincidence. 
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MEANS 



[Means for Solving the Problem] The piezoresistance change detection method sensor of this invention 
is characterized by carrying out dielectric separation with the oxide film which was made to oxidize 
porosity silicon thermally and formed said piezoresistance which consists of bulk silicon, and said 
substrate. 

[0018] Moreover, the weight section may be formed in said sensor moving part in the above-mentioned 
piezoresistance change detection method sensor. Or one piece or two or more openings may be prepared 
for said sensor moving part. Furthermore, said sensor moving part may be closed. In that case, the 
interior of closure may be decompressed. 

[0019] Moreover, in the above-mentioned piezoresistance change detection method sensor, the 
conductive layer which consists of electrical conducting materials, such as a metal and doped polish 
recon, on both sides of a dielectric film may be formed in the top face of said piezoresistance, and this 
conductive layer may be made into a substrate and same electric potential. Or a thermal conductor layer 
with good thermal conductivity may be directly formed on said piezoresistance. 
[0020] Moreover, in the above-mentioned piezoresistance change detection method sensor, the stopper 
for restricting deformation of sensor moving part to said substrate may be formed. Furthermore, said 
piezoresistance may be prepared in the supporter which carries out elastic support of said sensor moving 
part, and the notching section or opening may be prepared in said supporter [ near the piezoresistance ]. 
[0021] Moreover, a resistance detector can be established in the above-mentioned piezoresistance 
change detection method sensor. In that case, said piezoresistance and resistance of the reverse 
temperature characteristic are prepared on said substrate, and you may make it make the property change 
by temperature compensate by constituting said a part of resistance detector from this resistance. Or 
offset resistance thru/or the resistance for sensitivity settling may be prepared on said substrate, and said 
a part of resistance detector may consist of this offset resistance thru/or resistance for sensitivity settling. 

[0022] Furthermore, two or more sensor moving part and two or more piezoresistances may be prepared 
in said substrate. 

[0023] Moreover, the module of this invention is characterized by combining exoergic components like 
Power IC, and the above-mentioned piezoresistance change detection method sensor. 
[0024] Moreover, the device with an oscillating detection function of this invention is characterized by 
attaching the above-mentioned piezoresistance change detection method sensor in devices, such as a 
prime mover, a motor, a generator, a disk brake, and a machining machine. 
[0025] Moreover, the physical quantity detection equipment of the boiler of this invention is 
characterized by making it make a boiler detect physical quantity, such as vibration of direct installation 
and a boiler and a pressure, for the above-mentioned piezoresistance change detection method sensor. 
[0026] Moreover, the physical quantity detection equipment for gases of this invention is attached in 
tubing with which elevated-temperature gases, such as a steam, pass the above-mentioned 
piezoresistance change detection method sensor, and is characterized by making it make physical 
quantity, such as a pressure of an elevated-temperature gas, and the rate of flow, detect. 
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[0027] Moreover, the abnormal-condition detection equipment of this invention is characterized by 
having a signal-processing means to detect abnormalities by performing fuzzy processing to the 
detecting signal of the above-mentioned piezoresistance change detection method sensor and said 
sensor. 
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OPERATION 



[Function] If it is in the piezoresistance change detection method sensor of this invention, since 
dielectric separation of the piezoresistance and substrate which consist of bulk silicon is carried out with 
the oxide film, leakage current does not flow between a piezoresistance and a substrate and the use 
under hot environments is attained by even elevated temperature about 150 degrees C or more. 
Moreover, if it is in this invention, since the insulator layer for dielectric separation is formed by making 
porosity silicon oxidize thermally, after embedding a piezoresistance at sensor moving part thru/or its 
supporting section, the field of the perimeter is formed into porosity silicon, by oxidizing thermally 
further, an oxide film can be formed and dielectric separation of a piezoresistance and the substrate can 
be carried out. Therefore, using two substrates, a piezoresistance is piled up with the substrate of another 
side on the oxide film of one substrate, and the gage factor of a piezoresistance does not fall in a 
production process like the conventional example which forms a piezoresistance on an oxide film with 
web thinning. Consequently, the sensibility and resolution which are the advantage of bulk silicon 
resistance are high, and the advantage in which the detection range is wide can be employed efficiently. 
Consequently, the detection range large at ** high sensitivity and a high resolution in which the 
elevated-temperature use beyond **150 degree C is possible, and the piezoresistance change detection 
method sensor which has the good temperature characteristic are realizable. 
[0029] Moreover, since two substrates are not needed like the conventional piezoresistance change 
detection method sensor shown in drawing 24 but it can produce from one substrate, cost can also be 
made cheap. 

[0030] Moreover, in this piezoresistance change detection method sensor, if the weight section is formed 
in sensor moving part, the sensibility to the detection physical quantity of a low input level can be 
raised. 

[003 1] Furthermore, if one piece or two or more openings are prepared for sensor moving part, sensor 
sensibility can be raised by mitigating the air resistance at the time of deformation of sensor moving 
part. 

[0032] Moreover, if said sensor moving part is closed, sensor moving part can be intercepted with a 
contamination ambient atmosphere, and a resistance to environment will improve. In that case, if the 
interior of closure is decompressed, air resistance will decrease and sensor sensibility will improve. 
[0033] moreover — if a conductive layer is formed in the top face of a piezoresistance and this 
conductive layer is made into a substrate and same electric potential — electromagnetism — a noise — 
winning popularity — being hard — the S/N ratio of a piezoresistance change detection method sensor 
improves. 

[0034] Or if the thermal conductor layer is directly formed on the piezoresistance, since the temperature 
inclination in a piezoresistance will become small, the resistance output error from a piezoresistance can 
be made small. 

[0035] Moreover, if the stopper for restricting deformation of sensor moving part to a substrate is 

formed, breakage by the fault serious grade of sensor moving part can be prevented. 

[0036] Furthermore, if the notching section or opening is prepared in the supporter which carries out 
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elastic support of the sensor moving part, stress concentration will occur in the notching section or 
opening, as a result, the distortion of a supporter to the same input will become large, and sensor 
sensibility will improve. 

[0037] Moreover, if the resistance detector for detecting the resistance of a piezoresistance is prepared 
on a substrate, a resistance detector is not needed separately but a piezoresistance change detection 
method sensor also including a resistance detector can be packed into a compact. Furthermore, if a 
piezoresistance and the resistance for temperature compensation of the reverse temperature 
characteristic are included in the resistance detector, the output change of a piezoresistance and the 
output change of the resistance for temperature compensation accompanying a temperature change can 
be made to be able to offset mutually, and the detection error by the temperature change can be made 
small. Or if offset resistance thru/or the resistance for sensitivity settling are prepared in the resistance 
detector, the offset value and detection sensitivity of a resistance detector can be adjusted. 
[0038] Moreover, if two or more sensor moving part and two or more piezoresistances are prepared in 
the same substrate and the sensibility field of each sensor moving part is changed little by little, a 
sensibility field can be broadband-ized by making the sensibility of each sensor moving part 
superimpose. 

[0039] Moreover, since the piezoresistance change detection method sensor of this invention has the 
above advantages, it can be used for the bottom of the hot environments in the module containing 
exoergic components like Power IC, a boiler, and tubing with which an elevated-temperature gas flows 
etc., and can detect high sensitivity also under such hot environments. 

[0040] Moreover, vibration is detectable by high sensitivity by attaching in devices, such as a prime 
mover, a motor, a generator, a disk brake, and a machining machine, and further, if abnormalities are 
detected by performing fuzzy processing for this detecting signal in the signal-processing section, 
malfunction detection equipment usable also under hot environments can be obtained by high 
sensitivity. 
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EXAMPLE 



[Example] Drawing 1 is the perspective view showing acceleration-sensor A of the piezoresistance 
change detection method by one example of this invention fractured in part. 1 is a p-Si substrate and the 
rectangle-like crevice 2 is cut in the top face of the Si substrate 1 . n — The sensor moving part 3 which 
consists of bulk Si is dedicated in the crevice 2 in the condition of having floated in the air, and is 
supported by the Si substrate 1 by two level beams 4. Therefore, if the sensor moving part 3 senses and 
displaces acceleration, vibration, an impact, etc., a beam 4 will carry out elastic deformation. The 
piezoresistance 5 which consists of p+-bulk Si is formed in the surface of a beam 4, and the deformation 
amount of a beam 4 is detected as resistance change of a piezoresistance 5. Therefore, the acceleration 
which joins the sensor moving part 3 by the change in resistance of a piezoresistance 5, vibration, an 
impact, etc. are detected. 

[0042] Moreover, dielectric separation of the sensor moving part 3, a beam 4, and a piezoresistance 5 
and the Si substrate 1 is carried out by the dielectric detached core. That is, the dielectric detached core 6 
which consists of air (dielectric) is formed in the space between the sensor moving part 3 and a beam 4, 
and the Si substrate 1 (crevice 2 inside). Furthermore, the dielectric detached core 7 which the field 
which is supporting the beam 4 of the edge of a crevice 2 becomes from the silicon oxide (Si02) film is 
formed. Therefore, the sensor moving part 3 has structure which had the end face section of a beam 4 
supported by the dielectric detached core 7 embedded in the Si substrate 1, dielectric separation of the 
sensor moving part 3 and the beam 4 is completely carried out from the Si substrate 1, and even an 
elevated temperature 150 degrees C or more does not have a possibility that leakage current may flow 
between a piezoresistance 5 and the Si substrate 1. 

[0043] Furthermore, the Si substrate 1, the sensor moving part 3, the beam 4, and the front face of a 
piezoresistance 5 are covered with the passivation film 8 which consists of silicon nitride (SiN), and the 
metal wiring 9 of aluminum formed on the passivation film 8 is electrically connected to the passivation 
film 8 to the both ends of a piezoresistance 5 through the contact hole 10 which carried out opening. In 
addition, the passivation film which consists of SiN further may be formed on this. 
[0044] Below, the manufacture approach of the above-mentioned acceleration-sensor A is explained. 
The manufacture approach of this acceleration-sensor A (the structure of metal wiring differs from the 
acceleration sensor of drawing 1 a little.) is shown in drawing 2 (a) - (i), and the manufacture approach 
concerned is explained according to drawing 2 (a) - (i) below. In the sensor formation field for one piece 
of the p-Si substrate (silicon wafer) 1 As shown in drawing 2 (a), carry out the ion implantation of the p 
mold ion to the field which is going to form the dielectric detached cores 6 and 7 of the front face of the 
Si substrate 1, and the p+ field 1 1 is formed in it. The ion implantation of the p mold ion is carried out to 
the field which is going to carry out the ion implantation of the n mold ion to the field which is going to 
form the sensor moving part 3 and the beam 4 in this p+ field 1 1, is going to form the n+ field 12 in it, 
and is going to form the piezoresistance 5 in the n+ field 12 in it further, and the p+ field 13 is formed in 
it. Moreover, the rear face of the Si substrate 1 is made to diffuse p mold dopant, and the p++ layer 14 is 
formed in it. Here, the p++ layer 14 turns into a rear-face side contact layer at the time of porosity Si 
formation. 
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[0045] subsequently, it is shown in drawing 2 (b) — as ~ the front face of the Si substrate 1 — LPCVD — 
by making SiN deposit by law (low voltage CVD method), the passivation film 8 is formed and opening 
of the aperture 15 is carried out to a part of part which touches the p+ field 1 1 of the passivation film 8 
concerned. In addition, SiN deposited on the inferior surface of tongue of the Si substrate 1 at this time 
is removed. 

[0046] Then, if the Si substrate 1 is immersed in HF (hydrogen fluoride) water solution and a current is 
passed between the p++ layer 14 of the Si substrate 1, and a counterelectrode (not shown) in HF water 
solution, as shown in drawing 2 (c), the p+ field 1 1 will change to porosity Si field 16A. Under the 
present circumstances, although a current flows from the p++ layer 14 used as a rear-face contact layer 
in the p+ field 1 1 which the part has exposed and it changes to porosity Si field 16A, since the p+ field 
13 which is a piezoresistance 5 is covered by the passivation film (LPCVD-SiN) 8 and it does not 
become the path of a current of flowing in HF water solution from the p++ layer 14 on the back, it does 
not porosity-ize. Moreover, since the current density which flows to the field porosity-ized at this time, 
and the consistency of porosity Si field 16A have the relation of a profile inverse proportion, they use 
this phenomenon and form high density porosity Si field 17A in the opposite side the exposure side of 
the p+ field 11. Therefore, only the p+ field 1 1 is set to porosity Si field 16A or high density porosity Si 
field 17 A. If the Si substrate 1 is made to oxidize thermally after forming porosity Si field 16A and high 
density porosity Si field 17A, as shown in drawing 2 (d), porosity Si field 16A currently embedded at 
the Si substrate 1 will change to Si02 field 16B, and high density porosity Si field 17A will be set to 
high density Si02 field 1 7B. 

[0047] Subsequently, in the both ends of a piezoresistance 5 (p+ field 13), while forming the metal 
wiring 9 of a predetermined pattern by aluminum on the passivation film 8 as are shown in drawing 2 
(e), and opening of the contact hole 10 is carried out to the passivation film 8 and it is shown in drawing 
2 (f), the metal wiring 9 and a piezoresistance 5 are electrically connected through a contact hole 10. 
furthermore, it is shown in drawing 2 (g) - as the plasma CVD (PECVD) from this top « by making 
SiN deposit by law, the passivation film 18 for metal wiring protection is formed, opening of the contact 
hole 19 is carried out in the part which carries out patterning of the passivation film 18, and serves as an 
electrode pad of the metal wiring 9, and the passivation film 18 is calcinated. 

[0048] Then, with the resist film 20, with a wrap, opening of the aperture 21 is carried out to the resist 
film 20 in the location which counters the whole with Si02 field 16B, and the edge of Si02 field 16B is 
exposed, subsequently, HF water solution, HF+NH4F water solution, etc. ~ using — BOE (buffer oxide 
etching) -- while carrying out etching removal of the Si02 field 16B by law and forming the dielectric 
detached core 6 by the space after etching removal, the sensor moving part 3 and a beam 4 are formed 
by the n+ field 12 which remained. Moreover, the dielectric detached core 7 is formed by high density 
Si02 field 17B which it left, without etching. Since high density Si02 field 17B has the low etching rate 
as compared with other fields at this time, the permission width of face of etching time becomes large to 
the precision of a fixed etching distance, and it can make small configuration variation of the sensor 
moving part 3 by BOE etching. 

[0049] According to this manufacture approach, by combining the porosity silicon formation process in 
HF water solution, a porosity Si oxidization process, and an oxidization Si etching process The dielectric 
detached cores 6 and 7 which become the Si substrate 1 from piezoresistance [ of bulk Si ] 5, sensor 
moving-part 3, space, and high density Si02 film 17B can be formed. By the possibility of the elevated- 
temperature use beyond **150 degree C and ** high sensitivity, and the high resolution Acceleration- 
sensor A of a piezoresistance change detection method with the large detection range and the good 
temperature characteristic is producible. 

[0050] Moreover, since the dielectric detached cores 6 and 7 are formed by forming a piezoresistance 5 
in a beam 4, oxidizing the porosity Si fields 16A and 17A, and etching a part according to this 
manufacture approach, the factor which makes a gage factor small does not exist like the approach of 
forming a piezoresistance 5 according to the conventional web thinning process. Therefore, the gage 
factor of a piezoresistance 5 can be enlarged, it is high sensitivity and a high resolution, and the good 
property that the detection range is wide can be acquired. Moreover, two Si substrates are not needed 
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like the conventional example, but since processes, such as the junction, web thinning, etc., are also 
unnecessary, cost can be made cheap. 

[0051] What is shown in drawing 3 is the sectional view showing acceleration-sensor B by another 
example of this invention. If it is in this acceleration-sensor B, the weight section 26 which consists of a 
metal, polish recon, bulk silicon, a dielectric, etc. is separately formed on the sensor moving part 3 from 
on the passivation film 18, and the front face of the weight section 26 is further covered with the 
passivation film 27. If the weight section 26 is prepared for the sensor moving part 3 like this example, 
since the sensor moving part 3 will become easy to vibrate, the sensor sensibility to small acceleration 
can be raised. 

[0052] What is shown in drawing 4 is the sectional view showing acceleration-sensor C by still more 
nearly another example of this invention. If it is in this acceleration-sensor C, thickness of the sensor 
moving part 3 is made larger than the thickness of a beam 4, and the weight section 26 of bulk silicon is 
formed in the inferior surface of tongue of the sensor moving part 3 at one. Even if it is in this example, 
the sensor sensibility to small acceleration can be raised by having formed the weight section 26. 
[0053] What is shown in drawing 5 is the sectional view showing acceleration-sensor D by still more 
nearly another example of this invention. If it is in this acceleration-sensor D, one piece or two or more 
openings 28 which are penetrated up and down on the sensor moving part 3 and the passivation film 8 
and 18 are prepared. Thus, by forming the opening 28 penetrated to the sensor moving part 3, air 
resistance in case the sensor moving part 3 displaces can be mitigated, and the fall of the sensor 
sensibility by air resistance can be prevented. That is, sensor sensibility can be raised. 
[0054] What is shown in drawing 6 is the sectional view showing acceleration-sensor E by still more 
nearly another example of this invention. If it is in this acceleration-sensor E, the upper part of the 
sensor moving part 3 thru/or the whole crevice 2 is covered with the film 29 for the closures which 
consists of SiN, and the space 30 in which the sensor moving part 3 is located is closed. Moreover, 
space 30 is formed also between the top face of the sensor moving part 3, and the film 29 for the 
closures so that the variation rate of the sensor moving part 3 may not be barred with the film 29 for the 
closures. Even when the sensor moving part 3 does not contact the external world but uses it in a 
contamination ambient atmosphere since the closure of the sensor moving part 3 is carried out with the 
film 29 for the closures if it is in this acceleration sensor, contamination of the sensor moving part 3 can 
be prevented. 

[0055] This film for the closures can be formed using the following silicon processing processes, 
namely, the field of the sensor moving part 3 after producing the acceleration sensor of structure like 
drawing 1 , a beam 4, and its perimeter - a wrap ~ the sacrifice layer (not shown) which makes it like 
and consists of glass ingredients, such as PSG, - forming - a sacrifice layer top ~ PECVD - the film 
29 for the closures which consists of SiN by law is formed, then, opening of the film 29 for the closures 
which carried out opening of the film 29 for the closures in part, formed space 30 in the film 29 for the 
closures by removing a sacrifice layer from this opening by etching, and was opened previously - 
PECVD — SiN made to deposit by law closes. 

[0056] What is shown in drawing 7 is the sectional view showing acceleration-sensor F by still more 
nearly another example of this invention. The upper part of the sensor moving part 3 is covered with the 
film 29 for the closures which consists of polish recon or SiN, and while closing the sensor moving part 
3 with the film 29 for the closures, that closure space 31 is made to decompress, if it is in this 
acceleration-sensor F. If it is in this acceleration-sensor F, while being able to prevent contamination of 
the sensor moving part 3, sensor sensibility can be raised by reducing the air resistance of the sensor 
moving part 3. 

[0057] After this film 29 for the closures forms the sacrifice layer (not shown) which consists of glass 
ingredients, such as PSG, The film 29 for the closures which consists of polish recon or SiN by law is 
formed, a sacrifice layer top ~ LPCVD - opening of the film 29 for the closures which formed the 
closure space 3 1 and opened it previously by carrying out opening of the film 29 for the closures in part, 
and carrying out etching removal of the sacrifice layer - LECVD - the polish recon made to deposit by 
law or SiN closes. Since acceleration-sensor F is in LP (low voltage) CVD system in case opening is 
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closed, the closure space 3 1 in the film 29 for the closures is decompressed. 

[0058] Drawing 8 (a) and (b) are the explanatory views showing a part of beam 4 which prepared the 
sectional view and piezoresistance 5 which show acceleration-sensor G by still more nearly another 
example of this invention, and which were fractured in part. If it is in this acceleration-sensor G, the 
conductive layer 32 which consists the field in which the piezoresistance 5 is formed of electrical 
conducting materials, such as a metal from the passivation film (dielectric film) 18 and doped polish 
recon, was formed, and the top face of a conductive layer 32 is further covered with the passivation film 
(dielectric film) 33. Furthermore, it is made to have joined to the Si substrate 1 electrically from the 
KONTOKUTO hole 35 which carried out opening of the tip of drawer Rhine 34 to the passivation film 
18, and this conductive layer 32 makes the conductive layer 32 the Si substrate 1 and same electric 
potential (or touch-down potential), if it is in this acceleration-sensor G, since the conductive layer 32 
into which the vertical side was inserted with the PASSHIBESHON film 33 and 18 is formed on the 
piezoresistance 5 — this conductive layer 32 — electromagnetism - a noise — it can shield the 
electromagnetism from the outside - a noise - winning popularity ~ hard — becoming ~ 
electromagnetism — it becomes strong in a noise. 

[0059] Drawing 9 (a) and (b) are the explanatory views showing a part of beam 4 which prepared the 
sectional view and piezoresistance 5 which show acceleration-sensor H by still more nearly another 
example of this invention, and which were fractured in part. If it is in this acceleration-sensor H, as the 
top face of a piezoresistance 5 is made to contact directly, the thermal conductor layer 36 is formed in it. 
In a piezoresistance 5, if the variation in a temperature inclination or temperature is in each part, since an 
error will arise in a resistance output, by forming the thermal conductor layer 36 in the whole, the 
temperature inclination thru/or temperature variation in a piezoresistance 5 is made small, and a 
resistance output error can be made small. Therefore, the precision of acceleration-sensor H can be 
raised. As a thermal conductor layer 36, a metal layer with conductivity small (that is, resistivity is big), 
for example can be used. By using a metal layer, high thermal conductivity can be obtained and the 
resistance output error by the electric short circuit of piezoresistance 5 each part can also be prevented 
by moreover using a metal layer with small conductivity. 

[0060] Drawing 10 is the sectional view showing acceleration-sensor J by still more nearly another 
example of this invention. In this acceleration-sensor J, in a part for the point of the sensor moving part 
3, and the location which counters, as it was made to project from the Si substrate 1 to the crevice 2 
upper part, the stopper 37 is formed in Si substrate 1 top face. A stopper 37 may be formed in one center 
section, may be formed in two both sides, or may be formed three or more pieces. Thus, since the sensor 
moving part 3 has deformation beyond it restricted by hitting a stopper 37 if the stopper 37 is formed in 
the Si substrate 1 when the sensor moving part 3 deforms greatly, the deformation of the sensor moving 
part 3 is restricted and it can prevent that the sensor moving part 3 thru/or a beam 4 are damaged 
according to excessive deformation. 

[0061] What is shown in drawing 1 1 is drawing expanding and showing a part of beam 4 of the 
acceleration sensor by still more nearly another example of this invention. If it is in this example, the 
notching sections (notch) 38, such as the shape of the shape of V character and radii, are formed in the 
both sides of a part in which the piezoresistance 5 of a beam 4 is formed. Thus, a beam 4 can be made to 
generate stress concentration in the notching section 38 by forming the notching section 38 in a beam 4 
[ near the piezoresistance 5 ]. For this reason, as compared with a thing without the notching section 38, 
distortion of a beam 4 becomes large to the magnitude of the same acceleration, and the sensibility of an 
acceleration sensor improves. 

[0062] Moreover, a beam 4 is made to generate stress concentration [ near the piezoresistance 5 ], and in 
order to enlarge distortion of a beam 4 and to raise sensor sensibility, as shown in drawing 12 , a through 
tube 39 and a hollow may be prepared in a beam 4 [ near the piezoresistance 5 ]. 
[0063] What is shown in drawing 13 is drawing showing a part of acceleration-sensor K by still more 
nearly another example of this invention. In this example, the piezoresistance 5 is formed in the front 
face of the beam 4 which is supporting the sensor moving part 3, and the resistance 41 for constituting 
the resistance detector 40 with a piezoresistance 5 is formed in the front face of the Si substrate 1 . 
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Therefore, although, as for a piezoresistance 5, the resistance Rp of a piezoresistance 5 will change in 
connection with it if a beam 4 is distorted with the variation rate of the sensor moving part 3, resistance 
41 is the constant resistance from which resistance R does not change depending on distortion of a beam 
4. These piezoresistances 5 and resistance 41 have a bridge circuit as shown in drawing 14 with the 
circuit pattern on the Si substrate 1 constituted. In the resistance detector 40 which consists of this 
bridge circuit, constant current I is supplied between an input terminal 42 and 43, and the change in 
resistance of a piezoresistance 5 can be detected by detecting an output terminal 44 and the electrical 
potential difference V between 45. 

[0064] Drawing 15 is drawing showing the other examples of a resistance detector, by four 
piezoresistances 5 formed on the beam 4, constitutes a bridge circuit and is inserting the resistance 46 
for temperature compensation in a serial at each piezoresistance 5, respectively. This resistance 46 for 
temperature compensation is formed in the front face of the Si substrate 1 so that it may not be 
influenced according to deformation of a beam 4. And the resistance 46 for temperature compensation 
has a piezoresistance 5 and the reverse temperature characteristic (that is, the positive/negative of a 
temperature coefficient of variation is reverse), and when a piezoresistance 5 does not receive resistance 
change by distortion of a beam 4, even if temperature changes, sum Rp+Rc of the resistance Rp of a 
piezoresistance 5 and the resistance Rc of the resistance 46 for temperature compensation is kept almost 
constant. According to this resistance detector 47, only the change in resistance by distortion of a beam 
4 can be detected, and it is hard coming to win popularity the effect of a temperature change. 
[0065] Drawing 16 is drawing of a resistance detector showing other examples further, with the serial 
object of four piezoresistances 5 and resistance 48 for sensitivity settling, constitutes a bridge circuit and 
is inserting the resistance 49 for offset adjustment in any one branching. This resistance 48 for 
sensitivity settling and the resistance 49 for offset adjustment are formed in the front face of the Si 
substrate 1, and are variable resistance so that it may not be influenced according to deformation of a 
beam 4. According to this resistance detector 50, the sensibility of the resistance detector 50 can be 
adjusted by adjusting each resistance 48 for sensitivity settling. Moreover, by adjusting the resistance 49 
for offset adjustment, when distortion of a beam 4 is 0, the amount of offset can be adjusted so that an 
output may be set to 0. 

[0066] Drawing 17 is the top view showing acceleration-sensor L by still more nearly another example 
of this invention. In this acceleration-sensor L, two or more sensor moving part 3a-3e is arranged in the 
shape of an array to the Si substrate 1, and the piezoresistance 5 is formed in the beam 4 which supports 
each sensor moving part 3. Each sensor moving part 3a-3e has the sensibility to vibration of a different 
frequency. For example, each sensor moving part 3a-3e has sensibility which is expressed with the 
sensitivity curve of S1-S5 shown in drawing 18 . The output of the piezoresistance 5 prepared for such 
sensor moving part 3a-3e is superimposed and outputted, consequently as a continuous line shows the 
sensibility of the whole acceleration sensor to drawing 18 , the band of a sensitivity curve becomes 
large. 

[0067] In addition, in the above-mentioned example, although the case of the acceleration sensor for 
detecting vibration and an impact was explained, it cannot be overemphasized that the piezoresistance 
change detection method sensor of this invention can be used as the sensor for detecting pressures other 
than acceleration and the physical quantity of the rate of flow and others, either. 
[0068] It is the module M by still more nearly another example of this invention which is shown in 
drawing 19 . That is, it is the modules M, such as set components which unified the electrical and 
electric equipment, electronic parts, etc., and passive circuit elements which carried the electrical and 
electric equipment, electronic parts, etc. in the circuit board etc., and the piezoresistance change 
detection method sensor 52 applied to this invention with the big device 51 of generation of heat, such 
as Power IC, is dedicated in this. Thus, since it will be equal also to elevated-temperature use of about 
150 degrees C or more if the piezoresistance change detection method sensor 52 of this invention is used 
even when it really constitutes the piezoresistance change detection method sensor 52 as a module with 
the big device 51 of generation of heat, with the heat emitted from the big device 51 of generation of 
heat, a possibility that the piezoresistance change detection method sensor 52 may break down can be 
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made small, and the dependability of Module M can be raised. 

[0069] It is the device N with an oscillating detection function by still more nearly another example of 
this invention which is shown in drawing 20 , and it has attached the acceleration sensor 53 of the 
piezoresistance change detection method concerning this invention in the devices 54, such as a prime 
mover, a motor, a generator, disk breaking, and a machining machine. Although an installation location 
has a suitable location chosen according to the class of device 54, it is good to attach near the pad of 
disk breaking [ **** /, and / attaching to the exterior of a generator direct picking ], near the edge of a 
blade of a machining machine, etc. [ attaching in the exterior and the interior of a prime mover or a 
motor directly, for example ] When vibration of these devices can be detected with sufficient sensibility 
and a shimmy occurs by using the acceleration sensor 53 of this invention for these devices, it can detect 
immediately. And since the operating critical temperature is high, also with the heat of these devices 54, 
an acceleration sensor 53 cannot break down easily and the dependability of these devices 54 also 
improves. 

[0070] What is shown in drawing 21 is the schematic diagram showing the boiler pressure detection 
equipment P by still more nearly another example of this invention, and has attached in the boiler 56 the 
pressure sensor 55 (for example, thing which detects the distortion of a diaphragm displaced by change 
of a pressure) of the piezoresistance change detection method concerning this invention. The steam of 
the boiler 56 interior is touched, or the steam of the boiler 56 interior is led to the pressure sensor 55, 
and the pressure sensor 55 can be made to carry out direct measurement of the boiler vapor pressure 
with a pressure sensor 55. Since the pressure sensor 55 of this invention also bears an elevated 
temperature 150 degrees C or more, it can use also for an application like a boiler 56. Moreover, you 
may make it detect not the pressure sensor 55 but an acceleration sensor for the shimmy of direct 
installation and a boiler 56 etc. on a boiler 56 as a sensor. 

[0071] It is still more nearly another example of this invention which is shown in drawing 22 , and it is 
drawing showing the physical quantity detection equipment Q for elevated-temperature gases. In this 
example, the piezoresistance change detection method sensor 52 is attached in the outside of the tubing 
57 which elevated-temperature gases, such as a steam, pass, and the piezoresistance change detection 
method sensor 52 is contacted into the elevated-temperature gas in tubing 57. Or the piezoresistance 
change detection method sensor 52 may be attached direct picking in tubing 57. And physical quantity, 
such as a pressure of an elevated-temperature gas, and the rate of flow, temperature, is detectable by this 
piezoresistance change detection method sensor 52. By using the piezoresistance change detection 
method sensor 52 of this invention also in this case, it becomes possible to detect physical quantity of an 
elevated-temperature gas 150 degrees C or more with sufficient sensibility. Moreover, since direct 
measurement becomes possible, without using the side duct which makes an elevated-temperature gas 
bypass for physical quantity measurement, a measurement error can be made small. 
[0072] What is shown in drawing 23 is the schematic diagram showing the abnormal-condition 
detection equipment R by still more nearly another example of this invention. In this example, it has 
inputted into the signal-processing section 59, after attaching the piezoresistance change detection 
method sensor 52 in the devices 54, such as a prime mover, a motor, a generator, a machining machine, 
and a disk brake, and amplifying the output of the piezoresistance change detection method sensor 52 
with amplifier 58. By performing fuzzy processing to the detecting signal of the piezoresistance change 
detection method sensor 52, the signal-processing section 59 is performing signal processing and 
decision, supervises the existence of the abnormalities of a device 54, and if it judges that abnormalities 
have occurred to the device 54, it will carry out feedback control of the device 54 so that a control signal 
may be outputted to a device 54 and abnormalities may be settled. Or the alarm thru/or warning which 
tells abnormalities is outputted to the exterior from the signal-processing section 59. 
[0073] If this abnormal-condition detection equipment R is explained concretely, as for the 
piezoresistance change detection method sensor 52 (for example, acceleration sensor), knocking of a 
prime mover will be detected as it is the case where a device 54 is a prime mover, for example. If the 
piezoresistance change detection method sensor 52 detects knocking, the signal-processing section will 
perform fuzzy processing to this detecting signal, and will avoid a knocking condition by outputting 
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feedback signals, such as ignition timing modification. 

[0074] Or when a device 54 is a diesel-type prime mover, the piezoresistance change detection method 
sensor 52 detects the scrap sound of a device 54, and when fuzzy processing is performed to this 
detecting signal and too much scrap sound is detected, the signal-processing section carries out feedback 
control of the prime mover so that a control signal may be outputted to a prime mover from the signal- 
processing section 59 and SUKURAPPINGU may be controlled. 

[0075] Moreover, when a device 54 is a disk brake, the piezoresistance change detection method sensor 
52 detects vibration of a disk brake, by performing fuzzy processing to this detecting signal, wear of a 
disk or a brake friction pad is detected, and an alarm signal can be outputted. 
[0076] Moreover, when a device 54 is a machining machine, the piezoresistance change detection 
method sensor 52 attached near [ the ] the edge of a blade detects vibration etc., a control signal is 
outputted to a machining machine and tool exchange is made to detect the shimmy by the deficit of the 
edge of a blade, wear, etc., and to perform automatically, when the signal-processing section 59 
performs fuzzy processing to the detecting signal. Or you may make it output warning. 
[0077] Moreover, when a device 54 is a boiler, the abnormal combustion in a boiler can be detected by 
carrying out fuzzy processing of the detecting signal from the piezoresistance change detection method 
sensor 52 attached in the boiler in the signal-processing section 59. And if abnormal combustion is 
detected, a control signal can be outputted to a boiler so that it may become the amount of proper 
combustion, or warning can be outputted. 

[0078] Moreover, when a device 54 is the device 54 which has tubing with which an elevated- 
temperature gas flows, fuzzy processing of the detecting signal from the piezoresistance change 
detection method sensor 52 attached in tubing is carried out in the signal-processing section 59, and it 
supervises whether the flow rate and pressure of an elevated-temperature gas in tubing have separated 
from the proper value. And detection of having separated from the proper value outputs a control signal 
to a device 54 so that it may become desired value. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing the acceleration sensor of the piezoresistance change 
detection method by one example of this invention. 

[Drawing 2] (a), (b), (c), (d), (e) 5 (f), (g), (h), and (i) are the sectional views showing the manufacture 
approach of an acceleration sensor same as the above. 

[Drawing 3] It is the sectional view showing the acceleration sensor by another example of this 
invention. 

[Drawing 4] It is the sectional view showing the acceleration sensor by still more nearly another 
example of this invention. 

[Drawing 5] It is the sectional view showing the acceleration sensor by still more nearly another 
example of this invention. 

[Drawing 6] It is the sectional view showing the acceleration sensor by still more nearly another 
example of this invention. 

[Drawing 7] It is the sectional view showing the acceleration sensor by still more nearly another 
example of this invention. 

[Drawing 8] The sectional view showing the acceleration sensor according [ (a) ] to still more nearly 
another example of this invention fractured in part and (b) are the explanatory views showing a part of , 
the beam. 

[Drawing 9] The sectional view showing the acceleration sensor according [ (a) ] to still more nearly 
another example of this invention fractured in part and (b) are the explanatory views showing a part of 
the beam. 

[Drawing 10] It is the sectional view showing the acceleration sensor by still more nearly another 
example of this invention. 

[Drawing 11] It is the top view showing a part of beam of the acceleration sensor by still more nearly 
another example of this invention. 

[Drawing 12] It is the top view showing a part of beam of the acceleration sensor by still more nearly 
another example of this invention. 

[Drawing 13] It is an acceleration sensor by still more nearly another example of this invention, and is 
the top view showing the piezoresistance and constant resistance which constitute a resistance detector. 
[Drawing 14] It is the circuit diagram showing a resistance detector same as the above. 
[Drawing 15] It is the circuit diagram showing the other examples of a resistance detector. 
[Drawing 16] It is the circuit diagram of a resistance detector showing other examples further. 
[Drawing 17] It is the top view showing the acceleration sensor by still more nearly another example of 
this invention. 

[Drawing 18] It is an operation explanatory view same as the above. 

[Drawing 19] It is the schematic diagram showing still more nearly another example of this invention. 
[Drawing 20] It is the schematic diagram showing still more nearly another example of this invention. 
[Drawing 21] It is the schematic diagram showing still more nearly another example of this invention. 
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[Drawing 22] It is the schematic diagram showing still more nearly another example of this invention. 
[Drawing 23] It is the schematic diagram showing still more nearly another example of this invention. 
[Drawing 24] (a) 5 (b), (c), (d), (e), (f), (g), and (h) are the sectional views showing the manufacture 
approach of the acceleration sensor by the conventional example. 
[Description of Notations] 
1 Si Substrate 

3 Sensor Moving Part 

4 Beam 

5 Piezoresistance 

6 Dielectric Detached Core (Space) 

7 Dielectric Detached Core (Oxide Film) 
16A Porosity Si field 

16B Si02 field 

17A High density porosity Si field 
17B High density Si02 field 
26 Weight Section 

28 Opening 

29 Film for Closures 
32 Conductive Layer 

36 Thermal Conductor Layer 

37 Stopper 

38 Notching Section 

39 Through Tube 



[Translation done.] 
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